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ABSTRACT
THIS BULLETIN REPORTS THE RESULTS
OF A DETAILED PROGRAM OF SAMPLING AND
TESTING OF THE SURFICIAL SOILS OF LIVING-
STON COUNTY, ILLINOIS. SITE SELECTION
FOR SAMPLING WAS BASED ON THE LIVINGSTON
COUNTY SOIL MAP PUBLISHED BY THE UNIVER-
SITY OF ILLINOIS AGRICULTURAL EXPERIMENT
STATION IN 1959. COMPLETE DATA ON THE
ATTERBERG LIMITS, PARTICLE-SIZE CHARAC-
TERISTICS, MOISTURE-DENSITY RELATIONS,
AND ENGINEERING SOIL CLASSIFICATIONS ARE
PRESENTED IN TABULAR FORM ACCORDING TO
SOIL TYPE.
STATISTICAL DATA FOR EACH SOIL
HORIZON ARE PRESENTED IN TABULAR FORM
BY SOIL TYPE AND BY SOIL AREAS. ON THE
BASIS OF THESE DATA AND A KNOWLEDGE OF
THE FORMATIONAL CHARACTERISTICS OF THE
SOIL PROFILES, PERTINENT ENGINEERING
DESIGN AND CONSTRUCTION INFORMATION HAS
BEEN DERIVED. THIS INFORMATION IS AP-
PLICABLE TO MOST COUNTIES IN NORTHEAST-
ERN ILLINOIS.
SIGNIFICANT CORRELATIONS ARE
SHOWN TO EXIST BETWEEN PEDOLOGIC SOIL
TYPES AND THEIR PHYSICAL PROPERTIES. OF
PARTICULAR IMPORTANCE TO THE ENGINEER IS
THE FACT THAT AGRICULTURAL SOIL SURVEYS
DELINEATE AREAS WITHIN WHICH THE SURFI-
CIAL DEPOSITS ARE RELATIVELY UNIFORM IN
THEIR PHYSICAL PROPERTIES. THUS, IT IS
POSSIBLE TO GROUP SOILS FOR ENGINEERING
PURPOSES ON THE BASIS OF THE PARENT GEO-
LOGIC MATERIALS FROM WHICH THEY WERE DE-
RIVED. THE VALUE OF THE REPORT IN PRE-
LIMINARY PLANNING AND AS A GUIDE TO DE-
TAILED ENGINEERING SOIL SURVEYS IS
ILLUSTRATED.
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I. INTRODUCTION
A. PURPOSE OF REPORT
The principal purpose of this report
will be to show the connection between pedo-
logic soil types, parent materials, and
engineering properties. With the information
contained in this report the engineer can
predict the engineering properties of the
soils of any area in Livingston County with a
fairly high degree of accuracy. Test data
obtained from sampling sites in the county
are summarized by soil type on data sheets in
Appendix A. In addition, each data sheet
contains a description of each soil profile,
its average characteristics, and an engi-
neering analysis. The data sheets form the
essence of this report. Their use, in con-
junction with the published soil map, should
simplify the problems associated with con-
ducting a soil survey, locating granular
materials, and predicting engineering per-
formance. The soil map was published as part
of Livingston County Soils, 3 1)* a report of
the University of Illinois Agricultural
Experiment Station. The map is essential to
the proper use of this engineering report.
Since the publication of Soil Report No.
1 of the University of Illinois Agricultural
Experiment Station, describing the character-
istics of the soils of Clay County, informa-
tion on the characteristics of the surficial
* Superscript numbers refer to Chapter V,
References Cited.
soils of the state has been made continuously
available. (10) To date, such reports have
been published for 77 counties in the state,
the latest one being Johnson County. 6 These
reports have been prepared primarily for agri-
cultural purposes and each one contains a
detailed soil map of a specific county. These
maps have been prepared from field surveys and
utilize mapping units designated as 'pedologic
soil types." The principles of the science of
pedology have been discussed in numerous other
publications and it is not proposed in this
report to go into detail regarding them.(27)
It is particularly important, however, that
engineers recognize that soil types are dis-
tinguished on the basis of the intrinsic
characteristics of natural soil horizons
which can be correlated with engineering
properties as well as agricultural properties.
The definition of a pedologic soil type
is based on the characteristics of the profile
of soil weathering which is found at the sur-
face of the earth. For example, such charac-
teristics as the textural properties, color,
chemical composition, and thickness of the
soil horizons are especially significant. As
far back as 1925, at least one highway depart-
ment recognized the usefulness of pedologic
soil mapping to highway engineers.(2 6 ) In
1940 the first field manual of soil engineer-
ing was published specifically for the use of
highway engineers. (7)
In 1951 an investigation was undertaken
in order to determine the relationship between
pedologic soil types as mapped in Illinois and
their engineering properties. )  From the
beginning this investigation proceeded on the
assumption that representative samples from
the horizons of each pedologic soil type,
when tested in the laboratory, should provide
reliable information on the characteristics of
each type. It was decided that sampling
should be done on the basis of the published
soil map and that locations at which each soil
type was to be sampled should be chosen at
random but verified by checking against the
published soil type descriptions.(30) As a
result of initial studies conducted in DeWitt
County, it was concluded that samples from at
least five profiles of each soil type would
be required to obtain statistically signifi-
(28)
cant mean values of physical properties. 
In the summer of 1955 the program of
field sampling and testing of the pedologic
soil types of Livingston County was begun.
The sampling sites were selected in the office
by reference to the Livingston County Soil
Map. 31) Accessible sites for each soil type
were selected at random, except that a cer-
tain amount of discretion was used in making
this selection in order to disperse the sam-
pling sites. Field checking was done only to
verify that the sampling site selected fell
within the limits of the soil type descrip-
tion.
At least one profile of each of the 39
soil types mapped in Livingston County was
sampled. For those types which covered suf-
ficient area to have engineering importance,
five sites were sampled in such a manner that
classification test information could be
obtained on each of the major horizons of the
pedologic soil profile. Usually, this meant
that at least three samples were obtained from
each site and that sampling was continued to a
depth of about 50 inches.
Figure I is a reproduction of a section
of the soil map from southeastern Livingston
County where a number of soil samples were
obtained. Figure 2 shows the same area as it
appears in a vertical aerial photograph. The
soil map was published originally to a scale
of I inch = 1 mile. It has been enlarged to
the approximate scale of 3 inches = I mile.
The aerial photograph was taken at a scale of
1:20,000 and has been reduced to an approxi-
mate scale of 3 inches = I mile. On each
figure a line has been drawn from the western
edge of Section 32 to the northeast corner
of Section 28. This line represents a pos-
sible alignment for a new roadway. Figure 1
shows that the proposed alignment crosses the
following soil types: No. 148, Proctor silt
loam; No. 149, Brenton silt loam; No. 152,
Drummer silty clay loam; No. 145, Saybrook
silt loam; No. 60, LaRose silt loam; No. 103,
Houghton muck; and No. 223, Varna silt loam.
Furthermore, the alignment passes close enough
to the following soil types that minor modi-
fications in its position might result in
these being traversed: No. 146, Elliott silt
loam; No. 24, Miami silt loam; No. 228, Eylar
silt loam; and No. 159, Pilot silt loam. On
Figure 2 the boundaries of various parent
material areas (based on the character of the
substrata), have been delineated by airphoto
interpretation in conjunction with the refer-
ence to the soil map. Also indicated are
sites at which certain soil types were sam-
pled. The proposed alignment crosses Parent
Materials 8, 3, and 5 with the alignment
coming in close proximity to Parent Material 4.
The area shown in Figures I and 2 is a
complicated one for Livingston County, but it
is not an exceptional one. These figures
illustrate the usefulness of the pedologic
soil map to the highway engineer. Without
reference to the detailed information con-
tained in them, the highway engineer would
have no means of predicting the Complexities
of soil conditions which can be found within
such a short distance. Figure 1 shows that
the proposed line of right-of-way cuts across
a large area designated as No. 103, Houghton
muck. This area may also be recognized in
the aerial photograph, Figure 2, as the dark
gray portion extending along the drainage
line near the center of the photograph. The
data sheet for Houghton muck indicates that
it is a depressional soil composed of organic
matter and silty sediments extending normally
to a depth of 3 feet or more. At sampling
site L-19 in the north part of the area, the
organic sediments were found to extend to a
depth of at least 42 inches. An engineer
familiar with the characteristics of this soil
type would be immediately inclined to make a
slight shift in the proposed alignment which
would eliminate the necessity of crossing a
rather extensive area of soft organic deposits
and thus would simplify his problems of design
and construction of the roadway.
A portion of the proposed alignment with-
in Sections 32 and 29 is located on soil type
No. 60, LaRose silt loam, one of the most
desirable soils in the area. Part of its
desirability stems from the fact that it
occurs in well-drained positions. It also
has the lowest clay content and plasticity
constants of any of the soils mapped in the
area. Thus, if it were possible to utilize
the elevated position of this particular soil
type, it would be advantageous to retain this
portion of the proposed alignment. In con-
trast, the map indicates that the alignment
also crosses a considerable area of soil type
No. 152, Drummer silty clay loam. This is
one of the most difficult of Illinois soils
to handle from the engineering standpoint.
Although it is not quite as difficult to
handle as type No. 103, it generally has a
highly organic surface. In the spring of the
year it has a high water table and is quite
unstable under the action of heavy equipment.
It is not the intent in this introduc-
tion to give step by step directions for
utilizing the soil map and engineering test
data. It should be apparent, however, that
the Livingston County soil map is a valuable
source of information in selecting appropriate
lines of right-of-way for proposed highway
improvements, for planning a program of sam-
pling the soils for highway soil survey pur-
poses, and for summarizing the results of the
soil test information for the purposes of
appropriate design and construction.
One more item of engineering importance
might be noted in the example shown in Figures
1 and 2. In Section 28 of the soil map sev-
eral old gravel pits are indicated by the
symbol GP. Close inspection of Figure 2
reveals their relative size and exact loca-
tion. It will be noted that most of these are
associated with soil type No. 159, Pilot silt
loam, and all are located in Parent Material 8.
Pilot silt loam is invariably underlain by
sandy or gravelly outwash materials. Although
it cannot be predicted that the substrata
materials are always of such a nature that
they are suitable for the production of aggre-
gates or subbase material, nevertheless, the
presence of such a soil in or near a proposed
line of right-of-way indicates a possible
source of granular material and it should be
investigated when such materials are required.
B. SCOPE OF INVESTIGATION
This bulletin is the first of a series
which have been proposed to evaluate the engi-
neering properties of surficial soils of the
state of Illinois on the basis of detailed
sampling and testing programs. The first
counties to be studied in such detail have an
up-to-date agricultural soil report. In
Illinois, the term "up-to-date" generally
means soil maps which have been published to
a scale of at least I inch = 1 mile subse-
quent to 1933, and which have been given
Rating 1 by the Agricultural Experiment
Station.( )  Rating I is described as follows:
"Soil maps with soil names in accord
with present standards. Individual
soil areas as small as five to ten
acres generally are shown on the maps:
a soil area as small as two acres may
be shown if the soil is in marked con-
trast to those in surrounding areas,
as, for example, a small area of
poorly drained soil surrounded by well-
drained soils."
This rating has been further subdivided into
ratings la and lb because of significant dif-
ferences in the recent surveys. Rating la is
defined as
'"Recent survey; field work on aerial
photographs; field mapping scale
1:20,000 (3.17 inches to 1 mile) or
larger; field sheets or copies avail-
able for reference; soil boundaries,
including those of slope and erosion
phases, well-located with respect to
field boundaries and other reference
points."
Rating lb is defined as
"Recent or fairly recent surveys that
differ from those of Rating la in one
or more of the following characteris-
tics: Scale of field mapping smaller
than 1:20,000; maps on photographic
base not available for reference; or
some supplementary information, either
additional mapping separations or
greater precision of boundaries, is
needed for interpretation in relation
to soil use planning."
The soil map of Livingston County has been
given Rating lb because it is published to
the small scale of I inch = 1 mile and does
not show slope and erosion phases.
A similar investigation has been carried
on in DeWitt County, Illinois where the soil
map is also rated as lb. It is anticipated
that the DeWitt County Engineering Soil Report
will soon be published. The characteristics
of Will County soils on the basis of a new
agricultural soil map are presently being
examined. It is anticipated that future
investigations will be limited to counties
having maps with Rating la.
II. GEOLOGY AND PEDOLOGY OF LIVINGSTON COUNTY
A. GEOLOGY
Livingston County is located in the Till
Plains Section of Central Lowlands Physio-
graphic Province of the United States.(15)
The major portion is located in the subdivi-
sion of the Till Plains Section, called the
Bloomington Ridged Plain, which is character-
ized by low, broad morainic ridges and inter-
vening wide stretches of relatively flat or
undulatory ground moraine. However, a portion
of the county is located within the Kankakee
Plain Subsection which is characterized as a
level to gently undulatory plain with low
morainic islands, glacial terraces, torrent
bars, and dunes, which indicates that in
Pleistocene times, a lacustrine or at least a
semi-lacustrine environment prevailed.
Actually, glacial lakes also invaded a portion
of the Bloomington Ridged Plain. The posi-
tions of the outer margins of the major mo-
raines and the lakebed areas in the county
are shown in Figure 3. This map shows that
the county is crossed by several northwest-
southeast trending morainic ridges which, in
order starting at the southwest corner of the
county, are named Middle Cropsey, Inner
Cropsey, Chatsworth, Outer Marseilles, and
Main Marseilles. All of these moraines form
a part of the morpho-stratigraphic units
belonging to the Woodfordian Substage of the
Wisconsinan Stage of the Pleistocene Epoch. 8 )
Under former terminology they were assigned to
the Tazewell Substage of the Wisconsin Stage.
Although all of these moraines were formed
by the ice of the Lake Michigan glacial lobe,
they are by no means uniform in their proper-
ties. Physical characteristics of successive
till sheets tend to differ despite comparable
(23)
age and origin. The grain size distribu-
tion and plasticity characteristics of the
tills are particularly significant. While
there is some evidence that an individual till
tends to change only gradually in a lateral
direction and that it changes in a regular
manner, this has not been confirmed by work in
Illinois.(2 4 ,29)
Between the morainic ridges lie ground
moraine, alluviated valleys of several streams,
and/or temporary glacial lakebeds. Because of
the fact that the typical lacustrine environ-
ment of the temporary lakes was modified by
fluviatile action, deposits in the lakebed
region are not wholly fine-grained but often
consist of interbedded layers of sand and
typical lakebed silts and clays. However,
these regions are usually characterized by
low relief and poor drainage, irrespective of
the nature of the depositional materials.
As the ice withdrew from the position of
the Inner Cropsey Moraine, the meltwater from
the retreating glacier was impounded between
the back of the Moraine and the front of the
ice to form Lake Ancona. The position of
the outer margin of this lake is shown on
Figure 3. Its maximum elevation appears to
have been about 665 to 670 feet. Deposits
which are associated with Lake Ancona vary
from sandy and gravelly materials found in
several deltas to clayey silts which occasion-
ally contain streaks of pebbles. In parts of
the country covered by Lake Ancona waters
there is little evidence of any water-laid
deposits. At levels below the maximum sub-
sequently attained by Lake Pontiac waters it
is difficult to distinguish between the two
sets of deposits.
Lake Pontiac did not come into being
until the Lake Michigan glacial ice had
assumed the position of the Valparaiso Moraine
in the extreme northeastern part of the state.
At this time, large amounts of meltwater
coming from as far away as eastern Indiana
flowed through the Kankakee River Basin and
into the Illinois River. It appears that the
Illinois Outlet was intermittently blocked so
that at various stages extensive lakes came
into being. Three of these occupied portions
of Livingston County. Lake Pontiac, which
covers the largest portion of the county,
occupied the Vermilion Valley between the
Cropsey and the Chatsworth Moraines. Figure
3 shows that a portion of the Chatsworth
Moraine was covered by the waters of Lake
Pontiac. This is evidence that Lake Pontiac
formed after the Chatsworth Moraine was depos-
ited. Deposits of Lake Pontiac are not found
over the entire area indicated on the map. At
many places glacial till occurs immediately
below the surface soil. Lakebed deposits are
much more uniformly present in channel areas
below the elevation of 620 feet. They may,
however, be encountered any place within the
designated lakebed area as deposits consisting
primarily of laminated silts and sands, occa-
sionally containing a little gravel, and
varying in thickness from less than 3 to as
much as 12 feet.
Lake Watseka, which drained into Lake
Pontiac through openings in the Chatsworth
Moraine (primarily along the Vermilion River
Valley) was confined between the back side of
the Chatsworth Moraine and the front of the
Marseilles Morainic System. At its maximum
elevation it drained southeasterly through
channels across the moraine in the vicinity
of Hoopeston. When the water had eroded
these channels down to an elevation of about
700 feet, an outlet at a lower level into
Lake Pontiac apparently became available.
Deposits in this area are similar to those
in the Lake Pontiac area in that they are
discontinuous and that they tend to have the
characteristics of a medium-textured outwash
deposit.
In the extreme northeast corner of the
county, Lake Wauponsee covered the back side
of the Marseilles Moraine. Typical lacus-
trine deposits are extremely scarce in this
area and are mostly found at elevations below
620 feet, although the lake apparently reached
a maximum elevation of about 650 feet. The
deposits of Lake Wauponsee are similar to
those in Lake Pontiac and Lake Watseka. They
may vary from a few inches to 6 feet or more
in thickness and are mostly silt, occasionally
laminated with thin beds of clay. In some
locations layers of sand or sandy gravel may
be encountered.
Subsequent to withdrawal of the ice from
Livingston County much of the area was mantled
with a thin deposit of windblown silt, classi-
fied geologically as Richland (Peoria) Loess.
The thickest deposits occur in extreme north-
western Livingston County where the loess is
as much as 6 feet thick. Only in this region
are true loessial soils formed. The layer of
loess thins rapidly to the south and east.
In most of the eastern half of the county,
loess is indistinguishable since it has been
incorporated into the soil profile by
weathering. There is some evidence that a
major portion of the loess may have been
deposited before Lake Pontiac came into
existence. Consequently, that portion
deposited within the lakebed area has been
reworked slightly by the lake waters and in
some areas shows more evidence of sorting than
true loess. For this reason, it is often
difficult to distinguish between the loess
and lakebed sediments. In the upland areas,
however, most of the surficial soils in the
western half of the county have been influ-
enced by the loess cover. Here, glacial till
is seldom encountered at depths within 3 to 4
feet of the surface.
The surface of bedrock in Livingston
County varies from an elevation of approxi-
mately 450 to 650 feet. A comparison of a
map of the bedrock surface and topographic
quadrangle maps covering Livingston County
indicates that the maximum depth of the drift
may be as much as 300 feet under the main
ridge of the Marseilles Moraine in the north-
eastern part of the county.() On the other
hand, in the central part of the county,
particularly in the region between Pontiac
and Fairbury, the thickness of surficial
materials varies from a few inches to approxi-
mately 30 feet. Bedrock also occurs at or
near the surface along the northern end of
the Vermilion Valley in the county. Figure 4
shows areas within which bedrock is apt to be
encountered at depths of 10 feet or less.
The solid lines enclose the area within which
bedrock lies probably at depths of 10 feet or
less. Within the area enclosed by the dotted
lines the bedrock locally occurs at depths of
10 feet or less. The uppermost strata of bed-
rock which underlie Livingston County are of
Pennsylvanian age, the majority of which is
classified with the McLeansboro group. In
the western part of the county, however, rock
of the Tradewater and Carbondale groups may
be encountered. 2) In the Pontiac-Fairbury
region, the rock surface appears to be com-
posed primarily of limestone strata known
locally as the Pontiac limestone.(13)
Throughout this region the preglacial
residual soil material was completely
removed by ice action and the glacial drift
rests directly on bedrock. It is probable
that the highly irregular surface that nor-
mally characterizes the contact between
limestone bedrock and its surficial soil is
not present in the Pontiac region. The
presence of quality limestone bedrock near
the surface presents certain problems which
are relatively uncommon in the drift plains
of central Illinois. Even shallow excava-
tions for road cuts and basements may encoun-
ter rock. On the other hand, the rock pro-
vides a source of road building material
which may be extremely valuable to the
highway engineer.
B. PEDOLOGY
The surficial soils of Livingston County
are directly related to the characteristics
of the geologic material from which they
formed. Figure 5 is a Map of the Parent
Material and Surface Color of the soils in
Livingston County.( 29 ) The various types of
glacial materials are indicated by a numer-
ical system and Figure 5 shows that the loess
cover ranges from less than 2 feet thick in
eastern Livingston County to 7 feet thick in
the northwestern corner of the county. The
soils of the county are derived principally
from the following: Parent Material 3, loam
to silt loam till; Parent Material 4, silty
clay loam till; Parent Material 5, silty clay
drift; Parent Material 6, clay drift; Parent
Material 7, sandy sediments; Parent Material 8,
medium-textured outwash; and Parent Material 9,
mixed bottomland and terrace deposits. In
the Livingston County soil report the till
and till-like materials were classified as
permeable till (Parent Material 3), slowly
permeable till (Parent Material 4), and very
slowly permeable till (Parent Materials 5 and
6).(31) The differences in permeability, like
the differences in texture, are caused pri-
marily by variations in the amount of shale-
derived material present in the original drift.
In addition to the differences in the
soils caused by differences in parent materi-
als, other soil variations result from dis-
similar weathering conditions. Surface
weathering is the result of both chemical
and physical changes. Oxygen, water, carbon
dioxide, and various organic compounds attack
the rock minerals. Free lime is dissolved and
removed in ground water. Clay-size particles
are washed out of the near-surface layer and
redeposited at greater depths. At a lower
level, clay particles tend to accumulate as
coatings on soil aggregates, giving the soil
a blocky or jointed structure. The surface
layer, although depleted by the eluviation of
clay-size particles and by mineral solution,
has varying amounts of organic matter incor-
porated in it, depending primarily upon the
type of native vegetation. The surface hori-
zon of soils developed under prairie vegeta-
tion tends to be high in organic matter and
dark in color, whereas that developed under
forest vegetation is generally low in organic
matter and, consequently, light colored. In
Figure 5 the symbol A designates areas of
predominantly dark colored (prairie) soils
and B designates areas of predominantly light
colored (forest) soils.
The character of the soil profile which
develops is dependent upon five soil forming
factors: parent material, topography, climate,
vegetation, and time. In Livingston County
most of the glacial deposits are of approxi-
mately the same age so the factor of time can
be considered relatively uniform. It is also
relatively short -- less than 20,000 years.
Climate can also be considered to have been
uniform because of the small geographic area
involved and the slight variations in relief.
Thus, differences between the soils of Liv-
ingston County have been caused primarily by
the interaction of three variables -- parent
material, local topography, and vegetation.
Soil differences caused by these three vari-
ables have produced 39 distinguishable soil
types which are shown on the Livingston County
(31)
Soil Map. Table I shows the classifica-
tion of these 39 types according to the three
major variables. A comparison of Table 1 with
Table 3 in the Livingston County Soil Report
shows that there have been some changes in
nomenclature since the latter was published.
Table I has been prepared in terms of recent
nomenclature with the exception of No. 158,
Vance silt loam, which is now correlated with
Camden silt loam, No. 134, and Starks silt
loam, No. 132. Wherever necessary, footnotes
refer to the names used in the soil report.
The only change in number designation has been
the replacement of No. 231 by No. 241. All
other soil type numbers correspond with those
used on the Livingston County map. Complete
descriptions of each of the soil types are
given in the Livingston County Soil Report and
are also given in an abbreviated form in
Appendix A.
Various weathering processes acting on
the geologic parent materials at the surface
of the earth produce profiles of soil weather-
ing which consist of a series of layers or
horizons roughly parallel to the earth's sur-
face. The principal horizons are designated
as A, B, C, D, etc. with numerical subscripts
sometimes used to designate subhorizons. The
information given in Appendix A pertains to
the major horizons without reference to the
various subdivisions of these major horizons.
Detailed characteristics of the profile of
soil weathering, referred to hereafter simply
as the soil profile, are given in numerous
other publications along with descriptions of
the methods of pedologic classification (see
particularly Chapter 3, Surface Deposits of
(27)
Illinois). It is the differences in hori-
zon characteristics which enable pedologists
to define soil mapping units such as soil
series and soil type. The soil map of Liv-
ingston County was prepared on the basis of a
detailed field investigation of the surficial
soils of the area. The data obtained in this
investigation have shown that there are signi-
ficant differences between the soil profiles
of various soil types which were mapped by
pedologists. A knowledge of these differences
can be of the utmost value to the highway
engineer.
The A horizon of a typical profile
developed in a humid region such as Livingston
County may be called the "zone of eluviation"
because clay-size particles and soluble min-
erals have been '"washed out" and downward by
percolating ground water. The A horizon
is further characterized as a depository of
dark colored organic matter.
The B horizon is called the "illuvial
layer" because much of the material washed out
of the A horizon has been '"ashed in" and
accumulated in this second layer. The fine
particles tend to join together into aggre-
gates of a visible size which result in
peculiar structural characteristics, such as
the blocky or jointed structure often used to
describe the typical B horizon. In Illinois,
this horizon has usually been leached of
soluble material. Other chemical processes
may also have been active. Since the A and
B horizons are the zones of greatest chemical
and biological activity they are referred to
collectively as the "true soil," or solum.
The C horizon may show some evidence
of weathering, such as leaching of carbonates
and oxidation, in its upper parts. However,
it is usually thought of as being representa-
tive of the relatively unaltered parent mate-
rial from which the solum was derived. A
D horizon, if present, is any stratum that
underlies the soil and is composed of geologic
materials different from the parent material.
It may or may not have had a significant
effect on the development of the solum
depending on its depth, thickness, and
physical characteristics.
The data contained in Appendix A show the
results of engineering tests on samples taken
from major horizons of the principal soil
types of Livingston County. On the basis of
the information contained therein, it is pos-
sible for the engineer to make satisfactory
preliminary estimates of the engineering
characteristics of various soils present in
any given part of the county. Using this
information it is possible, within limits,
to select the most desirable highway align-
ment from the standpoint of soil problems.
Subsequent chapters will describe the methods
by which these data were obtained and give an
indication of their reliability when applied
to the soils of Livingston County.
III. PROCUREMENT AND ANALYSIS OF DATA
A. SOIL SAMPLING AND TESTING PROCEDURES
In summarizing the engineering charac-
teristics of any natural deposit, the soil
engineer is always faced with the problem of
extrapolating the data that is obtained from
a few specific locations to cover a volume of
soil many times the size of that which has
been sampled. In order to complete his design
he must finally group together soils with sim-
ilar characteristics by drawing boundaries
either in section or in plan or both. In
pedologic mapping, soils have been so grouped
on the basis of the physical and chemical
characteristics of their profiles. However,
the criteria used to separate them into
pedologic types is somewhat influenced by
those soil property variations of particular
importance in agriculture. The value of
agricultural soil maps for engineering use
depends on how effectively pedologic classi-
fications group soils with similar engineering
characteristics.
While many engineers have used pedologic
soil maps in engineering soil surveys, little
quantitative information is presently avail-
able regarding the reliability of these soil
groupings as engineering units. A quantita-
tive evaluation of a soil type can be made
from its mean property values and the varia-
tions from these means. Such an evaluation
aids in determining the appropriateness of
the soil type as an engineering entity. A
few recent publications, including one based
on Livingston County data, shed some light on
this subject. (4,9,17,19) In Livingston County
each soil type was sampled as mapped, then
certain engineering index properties were
determined for each sample. For economic
reasons it was necessary to limit the number
of samples and tests. The limited set of data
obtained was then evaluated and estimates of
the characteristics of each soil type were
prepared on the basis of statistical
analysis.
There are two basic problems involved
in a program of this type. First, the
question of how many samples are necessary to
characterize adequately the mean and the
distribution about the mean of the engineering
properties of each soil horizon must be an-
swered. This problem has been approached by
calculating for certain physical properties
a statistic called the limit of accuracy,
and by estimating, from this value, the num-
ber of samples required to define with a
specified degree of precision, the mean values
of these physical properties. Second, the
question must be considered as to whether the
soil types are different enough in engineering
properties to justify the retention of each
type as an engineering entity. This problem
has been approached by testing whether there
are statistically significant differences
between certain pairs of mean property values.
The statistical program will be described
further in the next section.
The answer to the first question was
obtained from a study carried out in nearby
DeWitt County. This preliminary investigation
indicated that five samples of each horizon
might be expected to establish the mean values
of typical index properties with reasonable
precision 95 per cent of the time. The DeWitt
County study was limited to three index proper-
ties, to four soil types, and to the A and B
soil horizons. Although these data were
limited, they were the best available at the
time the Livingston County program was initi-
ated. Therefore, each of the 32 soil types
that cover 99.7 per cent of the area of
Livingston County was sampled at five sites.
Only four acceptable sampling sites could be
located for Alexis silt loam, Camden silt loam,
and Rankin sandy loam; only three for Pilot
silt loam. Houghton muck was sampled at only
one location since it is primarily an organic
soil which cannot be satisfactorily evaluated
by the usual engineering classification tests.
No attempt was made to sample Denny silt loam
or Alvin sandy loam because the very limited
area occupied by these soils prevented random
sampling.
The sampling sites for each type were
chosen at random, although some control was
exercised to avoid a concentration of sampling
within a limited region. The site selection
was made in the office by reference to the
Soil Map of Livingston County. ( 1)  In the
field, each site was checked only to make sure
that it fell within the limits of topography
and drainage specified in the appropriate soil
type description.( 30 ) This check was neces-
sary because the scale of the map, I inch =
I mile, made it impractical to delineate soil
areas smaller than about one acre. Thus,
areas of a given type which are smaller than
this must be considered as unmapped inclusions
within adjacent map units. Such inclusions
can be separated out on the basis of a field
inspection or perhaps by the analysis of
aerial photos. In selecting a sampling site
no conscious effort was made to choose
"average" or "typical" profiles. For this
reason, it is felt that the physical test
data which were obtained give a representa-
tive picture of random variations within each
map unit.
A certain variation from randomness was
inevitable in site selection. The exact loca-
tion chosen in the office sometimes proved to
be unsatisfactory, because of disturbance or
the presence of a mapping inclusion. Gener-
ally, the sampling sites were located in a
fence row to minimize the effect of profile
disturbance resulting from farming or road
construction operations.
Some statistical bias was introduced by
the sampling process. Most samples were taken
with a three-inch Iwan post-hole auger. This
method produced a disturbed sample which made
it necessary to discard some of the soil from
the horizon boundaries in order to prevent
interhorizon contamination. Even so, some
contamination is inherent in the use of this
type of auger. No sample was taken from the
top six inches of the A horizon, unless the
horizon was so thin as to require such a shal-
low sample, since this material is normally
stripped in highway construction. Whenever a
road cut was selected for sampling, the cut
face was shaved back several inches, and
sampling was started at a sufficient depth to
minimize the effect of recent weathering at
the cut surface. Thus, the failure to sample
either the soil so discarded or that removed
in the original cut introduces some variation
from a truly random sampling technique.
On the other hand, a definite attempt
was made to sample the full depth of the B
horizon -- not just the "typical" B2  layer.
The B,, B2 and B3  horizons often show cer-
tain differences in physical properties and
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and in relative thickness. The analysis of
samples consisting of mixtures of these sub-
horizons, while statistically rigorous,
probably indicates more variation in the B
horizon than would be shown if the subhori-
zons were considered separately.
The physical properties selected to
characterize the soil types were the common
Atterberg limits, grain-size characteristics,
and the moisture-density relations. In
general, these properties were determined for
each of the major horizons (A, B and C), at
each sampling site. No attempt was made to
run each classification test with extra-
ordinary precision. The testing program was
carried on in the manner of routine analysis
in a soils laboratory; thus, the test varia-
tions were similar to those encountered in
normal practice. Standard ASTM procedures
for grain-size analysis (D422), liquid limit
(D423), plastic limit (D424), and moisture-
density relations (D698) were followed with
these exceptions: (1) samples for Atterberg
limits tests were mixed with water and
allowed to stand at least 12 hours before
testing, (2) the moisture-density relations
test was performed with a Rainhart automatic
tamper using a rammer having a circle-sector
face.
In some cases complete test results were
not obtained for a given site, generally for
one of the following reasons. Some horizons
were not developed adequately to provide a
suitable sample. The Atterberg limits could
not be determined on non-plastic samples.
Ordinarily, no attempt was made to run com-
paction tests on the A horizon. For some
of the minor soil types five satisfactory
sampling sites could not be found without
locating more than one boring in a small area.
A description of the location of each
sampling site and a summary of the test data
obtained on the corresponding samples is given
in Appendix A. The basic data contained in
the Test Data Summary for each soil type
formed the basis for the statistical study.
It also provided a basis for determining by
inspection the kind of variations which might
be expected in sampling a given soil type at
random.
B. STATISTICAL ANALYSIS OF TEST DATA
The data on the index properties from
each horizon of each soil type were subjected
to statistical analysis in order to determine
the variability of the type, to characterize
its mean values as closely as possible, and
to provide a basis for comparison with other
soil types. The index property data which
were analyzed included the liquid limit,
plasticity index, maximum dry density,
optimum moisture content, per cent of mate-
rial finer than No. 4, No. 10, No. 40, and
No. 200 sieves and per cent of clay finer than
2 microns. In addition to the mean values for
each of these soil properties, the following
statistics were also determined where data
from three or more tests from a horizon were
available: standard deviation, coefficient
of variation, standard error, and limit of
accuracy. The number of samples required to
determine a population mean at a certain level
of statistical significance for each property
was also calculated. These values are enumer-
ated in the Summary of Statistical Data in
Appendix A for each soil type.
It is not intended in this publication
to discuss the mathematical derivation and
meaning of each of the statistical parameters,
since this information can be found in a num-
ber of good texts.(5,25) A detailed explana-
tion of the application of statistical methods
to soil engineering is contained in a recent
project report.(7)
The Summary of Statistical Data for each
soil type lists first the various index
properties determined for each major horizon.
The third column indicates the number of soil
samples that were analyzed for each property.
The fourth column gives the mean value ob-
tained from the samples tested for this par-
ticular property and the fifth column gives
the standard deviation. Normally, it may be
expected that test results from approximately
67 per cent of the soil samples obtained in
the field will fall within the range of the
mean ± I standard deviation. It also may be
expected that approximately 95 per cent of
the data may fall within the range of the
mean ± 2 standard deviations, and 99 per cent
within the range of the mean ± 3 standard
deviations.
From the practical standpoint, it
appeared that the statement of an expected
range which would include only two-thirds of
the data obtained on samples taken from a
given soil type did not represent sufficient
refinement. On the other hand, the statement
of ranges which would include 95 or 99 per
cent of the data were sometimes too broad to
be meaningful and represented unnecessary
refinement for the soil engineer. Therefore,
the ranges of each of the physical properties
were also expressed in terms of a probability
of 85 per cent. These values are given in
each chart in Appendix A headed Pedologic
Profile Description and Engineering Charac-
teristics. For example, the chart for soil
type 23 shows that there is an 85 per cent
probability that the liquid limit of any
sample taken from the B horizon of Blount
silt loam in Livingston County will fall in
the range of 31 to 54. There is a similar
probability that the plasticity index value
for the same horizon of the same soil type
will fall in the range of 10 to 34. Thus, all
the numerical values given in the tabulation
of engineering characteristics were based on
a statistical analysis of the test data from
the appropriate soil type. They are not
estimated values, nor are they minimum-
maximum ranges. It was not possible, how-
ever, to base the engineering classifications
directly on such statistical analyses. They
were determined from the 85 percentile ranges
established for each significant property,
utilized in conjunction with the classifica-
tions contained in the Test Data Summary.
It is apparent that both the standard
deviation and the ranges of engineering char-
acteristics at the 85 percentile level are
indicative of the variability of a given
horizon with respect to a specific property.
The statistic known as the coefficient of
variation (Col. 6, Summary of Statistical
Data) also measures variability. It is
expressed as a percentage ratio between the
standard deviation and the mean; consequently
it is useful in comparing the variability of
one index property with that of another.
For example, with reference to the statisti-
cal data for the B horizon of Blount silt
loam, it may be noted that the standard
deviation of the liquid limit is approxi-
mately equal to that of the plasticity index
(8.1 and 8.4). In terms of the coefficient
of variation, however, the variability of the
plasticity index is double that of the liquid
limit (18.9 and 38.2).
The last three columns of the Summary of
Statistical Data indicate the degree of pre-
cision with which the sample mean represents
the population mean. Again, from an inspec-
tion of the data for the liquid limit of the
B horizon of Blount silt loam, it can be
stated on the basis of the standard error that
the odds are approximately 67 in 100 that the
population mean liquid limit of this horizon
lies in the range 42.7 ± 3.6. The limit of
accuracy measures the precision with which
the population mean has been determined at a
higher level of significance. Thus, it can
be stated that the probability is 95 in 100
that the population mean liquid limit of the
B horizon of Blount silt loam is 42.7 ± 10.0.
The last column in the statistical summary
indicates the number of soil samples which
would be required to estimate the population
mean liquid limit within a range of ± 5 units
with a specified degree of precision of 95 per
cent. For example, if it were desirable to
estimate the population mean liquid limit of
the B horizon of Blount silt loam within
the range of ± 5 per cent it would be neces-
sary to take 21 samples of this horizon.
This figure represents a convenient way to
judge the degree of variability of any par-
ticular horizon with respect to any particu-
lar soil index property. From a study of
this column for any particular soil type, the
engineer can gain not only an impression of
how variable the type is, but also an esti-
mate of how precisely he may expect to deter-
mine the average value of a particular index
property by choosing to examine a given number
of sampling sites.
As an example, let us assume that along
a given line of right-of-way the soil map
indicates that Blount silt loam is the pre-
dominant soil type. The engineer may there-
fore desire to characterize it on the basis of
its index property values with a high degree
of precision. Suppose that he decides to
examine 6.profiles of Blount silt loam. The
available data indicate that having made this
decision he could expect to determine the
population mean of various index properties
within the range sample mean ± 5 per cent
(or ± 5 pounds per cubic foot (pcf)) at the
5 per cent level of significance* for 17 of
the possible 25 values. Data in the last
column indicate that he would have to increase
his number of sampling sites from 6 to about
25 to increase the number of precise means
much above 17. In contrast, if he were to
choose to examine the same number of sites of
soil type 25, Hennepin loam, he could expect
to have determined the population means with
the same degree of precision for only 5 of
the possible 25 values. With an identical
number of sites he might have obtained the
specified degree of precision in the popula-
tion means for 21 of the 25 values for soil
type 60, LaRose silt loam.
The preceding discussion has shown that
the number of samples required to determine
the population mean of any particular set of
index properties with a desired degree of
precision varies depending upon the property
which is being measured and the horizon and
soil type from which the samples are taken.
Some soil types, such as Hennepin loam, are
extremely variable and their variability is
shown with respect to nearly all index pro-
perties. Therefore, no reasonable number of
samples taken from this soil type can hope to
express numerically the mean characteristics
of such a type. On the other hand, some soil
types are extremely uniform with respect to
nearly all index properties. In this case,
a soil survey which requires that sampling
be done at specified intervals can be a con-
siderable waste of time and effort. With a
knowledge of the variability of the soil map-
ping units the civil engineer can utilize an
agricultural soil map to plan and conduct a
soil survey which will yield the maximum
amount of useful data with a minimum of
effort.
* Limit of accuracy of 95 per cent.
C. STATISTICAL COMPARISONS OF SOIL
MAPPING UNITS
1. Grain Size Characteristics
It has been pointed out in Chapter II
that the character of the parent material is
one of the important soil forming factors. It
has also been shown in Table I that there is
an intimate relationship between soil type and
parent material. The engineer is vitally con-
cerned with the parent material of soil since
this material is usually encountered even in
moderately shallow cuts. Furthermore, it
often comprises the bulk of materials utilized
in building fills, and it is the material on
which most shallow foundations are placed.
This engineering study of the soils of Liv-
ingston County provided an ideal opportunity
to determine whether or not there was a quan-
titative basis for the relationships between
soil type and parent material, in spite of the
inherent variations in natural soil deposits.
Two methods were utilized in the study of
the variations in parent material of the soils
of Livingston County. First, the characteris-
tics of the horizons of a typical soil of each
parent material area were examined. Next, all
information from all soil types mapped in a
given parent material area was combined and
the average characteristics and variability
of the horizons were examined. Table I indi-
cates that the Brunizem or Prairie soils have
a series of soil types covering all parent
material areas except alluvium. From these,
nine soils were chosen for a detailed exami-
nation of their average physical properties.
Seven of these are imperfectly drained Bruni-
zems and two are moderately well-drained Bruni-
zems. The bottomland soil, Huntsville loam,
developed under mixed vegetation, was included
to represent Parent Material 9. Together
these ten soils comprise approximately 386
square miles or 38 per cent of the total area
of Livingston County. Figure 6a shows the
average grain-size curves for the C hori-
zons of these ten soils. It is apparent that
there are marked differences in the grain-size
characteristics of the eight different parent
materials which are represented by these
soils. Three of them, Proctor, Ridgeville,
and Huntsville, show the typical sorting
characteristics of water-laid sandy and
gravelly materials. One, Muscatine, shows
the typical gradation curve of silty wind-
laid (loessial) material. The remaining six
show gradation curves which are typical of
glacial deposits varying from coarse (with an
average clay content (< 2p) of approximately
26 per cent) to fine (with an average clay
content of nearly 60 per cent).
A study of these curves reveals what
appear to be two anomalies. Both Brenton and
Proctor developed on the same parent material,
which is described as silty sediments 0 to
40 inches thick on stratified glacial out-
wash (Parent Material 8). The average C
horizon material of Proctor is in fact a
sandy, gravelly material containing a moder-
ate amount of silt and less than 20 per cent
clay. On the other hand, the average curve
for Brenton shows it to be predominantly
medium-textured material with a little gravel,
moderate amounts of sand and silt, and a clay
content of about 25 per cent. Possibly a
larger gravel content would have been found
if the soil samples had been taken deeper in
the Brenton C horizon. However, even at
greater depths silt and fine sands intermixed
with small to moderate amounts of clay may be
encountered, since this is characteristic of
stratified outwash materials. Therefore, it
is probable that the grain-size curves for
outwash underlying soil types such as Brenton
and Proctor will fall between the ranges of
the two curves shown in Figure 6a. In some
instances the parent materials may contain
enough gravel to fall to the left and below
the average curve for Proctor. The Huntsville,
which is derived from recent water-laid sedi-
ments (Parent Material 9), may have grain-
size variations covering the same range.
The other anomaly concerns the charac-
teristics of loam to silt loam till (Parent
Material 3). Two soil types, Saybrook and
Lisbon, were developed from thin loess, 0 to
40 inches thick, on loam to silt loam till.
Figure 6a shows the average curve for Lisbon
to be representative of a better graded
material than does the curve for Saybrook.
Saybrook has a clay content (< 2V) of more
than 30 per cent in contrast to approximately
25 per cent for the Lisbon. Whether one
chooses to compare the two soils on the basis
of 5p clay-size or 2p clay-size, the Saybrook
C horizon shows an average clay content
nearly 10 per cent greater than that of Lis-
bon. The Saybrook C horizon contains only
a few per cent less clay than the Elliott C
horizon which is representative of finer-tex-
tured silty clay loam till (Parent Material
4).
Several explanations may be presented
for the similarity between Saybrook and
Elliott parent materials and the differences
between Saybrook and Lisbon. It is possible
that in Livingston County the Saybrook soils
were actually mapped on parent materials
which were slightly finer-textured than one
would associate with typical loam to silt
loam till. This conclusion is borne out by a
study of the original data for the per cent
clay in Saybrook and Elliott. Here it will
be noted that clay contents in the C hori-
zon of Elliott tend to be a few per cent
higher than do those in Saybrook, but the
differences are small. If the clay contents
of the Lisbon samples are examined, it will
be noted that except for one sample (site 13)
the parent material of this soil type is very
similar to that of Saybrook. The incorpora-
tion of the data from this one sample into
the average values for Lisbon tends to make
its parent material appear coarser than that
of Saybrook. Another possible explanation
for the differences between Saybrook and
Lisbon is the thickness of the loess cover.
Since the loess thickness may vary from 0
to about 40 inches, it is possible that at
some of the sites the full thickness of loess
had not been incorporated by weathering into
the A and B horizons. In such cases, the
C horizon sample would consist of a mixture
of loess and Parent Material 3. This latter
explanation may also apply to the differences
between Proctor and Brenton, since these two
types are mapped where the loess cover may
vary from 0 to 40 inches on stratified out-
wash materials. However, it does appear from
the data that in Livingston County both Lisbon
and Saybrook soils were mapped on slightly
finer-textured parent material than is com-
monly classified within the range of loam to
silt loam till. This thesis is confirmed by
data which will be discussed later.
In considering the three finest-textured
parent materials, those represented by Elliott,
Swygert and Clarence, the curves in Figure 6a
show a definite progression which would cor-
respond to the pedologic descriptions. The
Swygert C horizon contains approximately
10 per cent more clay than does that of
Elliott. The Clarence C horizon contains
approximately 10 per cent more clay than does
that of Swygert. Therefore, it may be con-
cluded that the textural separation made
between Parent Materials 4, 5, and 6 in
Livingston County is a valid separation which
has been verified by average grain-size char-
acteristics of five random samples taken from
the C horizons of each of the representative
Brunizems. Although the separation between
Parent Materials 3 and 4 is not quite as
distinct as one would wish it to be, it is
apparent that it does exist. The difference
is particularly striking if data on Lisbon
and Elliott are compared.
For examination of the average charac-
teristics of the soils of any given parent
material area, it is necessary first to group
the soils on the basis of their origin and
substrata characteristics. In making this
grouping, the information contained in Table
8 of the Livingston County Soil Report (3)was
was used in conjunction with more recent
(2,29)publications. (2,29) Even with this assist-
ance it was necessary to make certain deci-
sions with regard to grouping and analysis of
the information. The grouping utilized in the
statistical study and the number of sampling
sites for each group are given in Table 2.
The soil type numbers and names used in the
table are in accordance with present nomen-
clature. Wherever they differ from those
used in the Livingston County Soil Report, the
older nomenclature is given in parentheses.
Table 2 includes all soil types listed
in Table 3 of the Livingston County Soil
Report with the exception of Dodgeville silt
loam, Denny silt loam, Muck (Houghton), and
Alvin sandy loam. The reason for omitting
data on Denny, Alvin, and Muck soils has been
previously discussed. In this table, Dodge-
ville was omitted since it is a soil devel-
oped from shallow loess, 20 to 40 inches
thick, on limestone bedrock. In view of the
fact that the fact that the bedrock does not
represent the parent material of the solum,
it is not reasonable to include it. In
addition to these omissions, which are rela-
tively minor, the following classifications
were made in cases where it would be possible
to include a given soil type in more than one
group. Hennepin loam, which could be mapped
in any one of several drift areas, was in-
cluded with Parent Material 3. Harpster
silty clay loam and Drummer silty clay loam
which may be mapped over glacial outwash as
well as the medium textured tills were
included with Parent Material 3. Eylar silt
loam and Chatsworth silty clay to clay which
could be included with either of the very
slowly permeable tills were included with
Parent Material 5. Rantoul silty clay was
also included with the same group although
the Livingston County Soil Report indicates
that it should be included with Parent Mate-
rial 4. Clarence silt loam and Rowe silty
clay loam to silty clay were segregated from
the very slowly permeable till group as
Parent Material 6. This separation is indi-
cated by more recent soil survey information.
Rankin sandy loam, which is underlain by
material classified as Parent Material 4, was
included instead with Parent Material 7
because of variations in the C horizon and
the sandy characteristics of the surface
soils.
Average C horizon grain-size charac-
teristics of the seven parent material groups
are shown in Figure 6b. There is apparently
a close correspondence between these average
curves and the curves for the representative
Brunizems. For example, the parent loessial
material has an average silt content of about
60 per cent, which is in marked contrast to
any of the other parent material groups. The
water- and wind-laid sands of Parent Material 7
have an average sand content of approximately
60 per cent, which is different from all of the
other groups. Parent Material 8 has grain-size
characteristics which lie between those of
Proctor and Brenton as shown in Figure 6a,
but which resemble more closely those of
Proctor in terms of the average sand, silt,
and clay contents. The curve is quite dif-
ferent from the average curve for the loam to
silt loam till of Parent Material 3. The
grain-size characteristics of the medium to
fine-textured drift of Parent Materials 3, 4,
5, and 6 show the same progression as was
indicated by the representative Brunizem
soils. For example, the average clay content
of Parent Material 3 is 32 per cent, that of
Parent Material 4, 40 per cent, that of Parent
Material 5, 50 per cent, and that of Parent
Material 6, 52 per cent. The differences
between the average grain-size characteris-
tics of Parent Materials 5 and 6 are not as
clearly indicated as those between Swygert
and Clarence in Figure 6a. This may be
attributed to the fact that soils such as
Eylar and Chatsworth which are mapped on
both types of parent material were included
with Parent Material 5, and tended to increase
its average clay content. A comparison of the
two curves shows that Parent Material 5 con-
tains several per cent more sand than does
Parent Material 6. Inspection of Figure 6b
leaves no doubt that, on the average, a valid
separation between the various types of parent
material is being made in the field, and
furthermore, that differences in the proper-
ties indicated by these average grain-size
characteristics are indicative of differences
in the engineering performance of these mate-
rials.
The average grain-size data obtained from
the C horizon of each of the ten representa-
tive soils can also be summarized on a tri-
angular textural chart as shown in Figure 7.
The chart shown and the soil separates em-
ployed are those utilized by the U. S.
Department of Agriculture and its cooperating
agencies. It should be noted that the per
cents sand, silt, and clay are expressed in
terms of 100 per cent passing the No. 10
sieve. Figure 7 indicates that the C hori-
zon of Ridgeville, which devcloped in sandy
water-deposited sediments, and Huntsville,
which is developing in medium-textured water-
deposited sediments, are typical sandy loams.
The Proctor C horizon is a fine sandy loam,
indicating that when the gravel is removed
the finer material is predominantly sandy.
The average characteristics of the C hori-
zon of Lisbon place it on the border line
between a loam and a clay loam, and barely
meet the criteria for a loam to silt loam
till. The Brenton C horizon material
falls within the clay loam classification and
probably lies close to the upper limit of
material described as medium-textured outwash.
The Saybrook C horizon material does not
meet the criteria of a loam to silt loam till,
as it should, but rather falls within the
classification of a silty clay loam. This
classification is in agreement with the dis-
cussion in the preceding paragraphs with
regard to the per cent clay in the Saybrook
till encountered in Livingston County. The
loessial C horizon material of Muscatine
has a silt loam classification, as it should,
although it is only slightly below the bor-
der line with silty clay loam. It is probable
that in counties west of Livingston where the
loessial material is deeper, the C horizon
would contain less clay because it lies
closer to the source and there was also less
weathering of the silty loess during the
period of deposition.
The classification of the remaining
three parent materials falls within those
specified. The Elliott C horizon (Parent
Material 4) is silty clay loam, the Swygert
C horizon (Parent Material 5) is silty clay,
and that of Clarence (Parent Material 6) is
clay. Therefore, the statistical analyses of
C horizon data from the ten representative
soils verify, in general, the pedologic
parent material classifications. Thus, engi-
neers can take advantage of the textural
descriptions contained in the Livingston
County Soil Report, (3 1) particularly with
respect to the classifications of the parent
materials.
There is one difference between the data
obtained in this investigation and the data
normally obtained by agricultural soil
scientists. The grain-size data cited here
were obtained using the hydrometer analysis of
the fine fraction whereas the agricultural
scientists normally utilize a pipette analy-
sis. Comparative studies indicate that the
per cent clay-size as determined by the pipette
method averages about 2 per cent lower than
that determined by the hydrometer method.
Since the triangular chart was designed to
correlate with pipette data, some differences
in textural classification may be expected
when hydrometer data are used.
Grain-size data on the various parent
materials may be summarized in the form of
bar graphs as shown in Figure 8. The arrange-
ment from top to bottom in each series is
based on increasing clay content (< 21) as
shown in the bottom chart. The progression
in clay content from the lowest to the highest
is as follows: Parent Materials 9, 7, 8,
loess, 3, 4, 5, 6. The same progression
carries over into the middle chart which shows
the per cent finer than the No. 200 sieve
(0.074 mm) with the exceptions that Parent
Material 9 shows a slightly higher per cent
passing this sieve than does Parent Material
7 and the loess soil shows the highest per-
centage of the eight groups. These reversals
of order are the result of the higher silt
contents of Parent Material 9 and of loess.
In one case the silt was deposited by running
water, and in the other it was deposited
through wind action. The upper chart shows
the per cent of material passing the No. 10
sieve (2 mm). The average gravel content of
six of the materials is 3 per cent or less.
This apparent low gravel content, especially
in case of the tills and clay drifts, may be
in part attributed to the fact that the
sampling was done with a 3-inch post-hole
auger. If hand-dug samples of at least I
cubic foot volume had been obtained it is
probable that the indicated gravel content
would be higher. Parent Materials 8 and 9,
which are closely related, show gravel con-
tents of about 10 per cent in spite of the
fact that they were usually sampled by the
same auger boring methods. These are the
only two parent materials which would be
expected to have an appreciable gravel con-
tent.
Since the various parent materials found
in Livingston County show differences in their
grain-size characteristics, it is reasonable
to expect these differences to be expressed
in the solum. To a certain extent they are,
although two modifying influences tend to
alter the parent material characteristics
within the zone of weathering. First,
weathering tends to break down coarser frag-
ments into finer ones by chemical reactions
and to cause translocation of fine-grained
material from the surface into the B hori-
zon. Second, a surficial layer of loess
covers the major portion of Livingston County
to a depth of 2 feet or more. The solum has
often developed at least in part from this
material. Figures 9a and 9b show the average
grain-size curves for the typical soils based
on analyses of samples taken from the A and
B horizons, respectively. Comparisons of
these figures with Figure 6a give an indica-
tion of the influence of parent material on
the upper horizons. It is apparent that the
similarity is more obvious for the B hori-
zon materials than it is for the A. Only in
the case of the Ridgeville sandy loam is
there an obvious relationship between the
grain-size characteristics of the A horizon
and that of the C. However, the A horizon
curves for Brenton and Proctor show somewhat
higher sand contents than those for soils
developed from loess or other glacial drift
materials. It is interesting to note that
the Huntsville loam A horizon fails to
reflect the characteristics of its C hori-
zon although as an Alluvial soil it contains
no developed B horizon. The Muscatine A
has a somewhat higher silt content than any
of the other soils and the Clarence A has
the highest clay content of any of the 10
soils shown. Figure 9b shows the direct
influence of the sandy parent material on the
character of the Ridgeville B and similarly
the water-sorted characteristics of the Proc-
tor C carry over into the B horizon,
However, the curve for Brenton can not be
readily distinguished from that of Saybrook
or Elliott. Again the Muscatine has the
highest silt content and the Lisbon, Swygert,
and Clarence have the three highest clay con-
tents with the clay contents increasing
progressively.
The average grain-size data from the A
and B horizons of the parent material groups,
plotted as for the C horizon in Figure 8,
are shown in Figure 10. In this figure the
bar graphs for the per cent passing the No.
10 sieve (2 mm) have been omitted since all
8 groups had at least 95 per cent passing and
no obvious differences can be noted. The
order of the arrangement of the bar graphs is
the same as in Figure 8; that is, in accord-
ance with increasing clay content of the
groups as indicated by average C horizon
characteristics. If one examines first the
chart in the lower right-hand corner showing
the per cent clay in the B horizon of the
seven groups, it is apparent that there is an
exact correspondence of order of increasing
clay content within the B horizon with one
exception, the loess. Loess soils have a
higher average clay content in the B than
do the soils derived from Parent Materials 3
or 4. There is no data for Parent Material 9,
alluvium, since these soils do not have a
developed B horizon. In every case the
clay content of the B exceeds that of the
corresponding C, which is to be expected
considering the effects of soil formation.
Fine-grained material is washed from the A
horizon and deposited within the B causing
this horizon to be richer in clay than is
the unweathered parent material.
If the B horizon chart is compared
with the adjacent one showing the clay con-
tent of the A horizon it is noted that
nearly the same order is preserved, but the
total clay contents are appreciably lower.
Although no comparison can be made between
the A and B horizons of the Alluvial soil,
Figure 10 shows that the clay content of the
Alluvial A is nearly as high as that of
the A horizon of the fine-grained till.
This high clay content probably results from
deposition of clay in backwater areas.
Therefore, no direct comparison with the A
horizon of the other soil groups, which have
been subjected to leaching and weathering,
should be attempted. The upper two charts,
Figure 10, show the per cent finer than the
No. 200 sieve (approximately total per cent
silt and clay) for the eight soil groups.
When compared with Figure 8, they reveal some
similarity in order of fineness in all three
horizons. The exceptions are the B hori-
zon in Parent Materials 4, 5, and 6, and
the A horizon in Parent Material 9. The
exceptionally high total fines content of
Parent Material 9 has been previously explained
as the result of deposition rather than
weathering. The identical fines content of
Parent Materials 4, 5, and 6 in the B hori-
zon must, however, be attributed to the fact
that the processes of weathering, especially
eluviation, have masked the initial differ-
ences that existed between these parent
materials. The medium-textured tills allow
more percolation of water and consequently a
more rapid accumulation of fines in the B
horizon than can take place in the fine-
textured tills. Thus, the total fines con-
tent tends to be equalized. It should also
be noted that in terms of total fines con-
tent there are only minor differences between
the A and B horizons of any of the soil
groups.
It should not be concluded that the sur-
face horizons of each soil type definitely
reflect the textural characteristics of its
parent material. Although the average data
indicate that this is the case, it should be
remembered that several of the soil groups
include soils varying widely with respect to
natural drainage, topographic position, and
character of the native vegetation under
which they developed. Thus for any given
soil type evidence of this relationship may
not exist.
2. Plasticity Characteristics
In computing the average plasticity
characteristics of any given soil type or
group, the following procedure was used. A
soil sample which classified as non-plastic
was assumed to have a plasticity index of
zero (0). Thus, in cases where some samples
had measurable plasticity and others were
non-plastic, the plasticity index for the
non-plastic samples was taken as zero when
averaged with the other values. This pro-
cedure could not be followed for the liquid
limit since a liquid limit value of zero is
meaningless. Thus, in cases where plastic and
non-plastic soil samples were grouped together
the average liquid limit represents only the
average of those data obtained from samples on
which the test could be performed. If liquid
limit values were not available for at least
3 samples then no average was determined. The
result of this procedure was that in a few
instances the average liquid limit and the
average plasticity index are not strictly
comparable. It is felt that the procedure
was justified by the fact that it provides
more realistic plasticity values for sands
and sandy soils where enough data are avail-
able for meaningful averages.
The average plasticity values of the
C horizons of ten typical soils are plotted
in Figure Ila and those for the C horizons
of the parent material groups are plotted in
Figure llb on plasticity charts of the Uni-
fied Soil Classification System. These
figures show the same progression in plasti-
city as was illustrated with respect to
textural characteristics in Figures 6, 7, and
8. Figure 1la shows that the C horizons of
the typical soils, with the exceptions of
Clarence and Ridgeville, are clays of low
Plasticity (CL). It is not possible to plot
the data for Ridgeville since there were not
enough samples to provide an average plasti-
city index. Only the Clarence C is a clay
of high plasticity (CH). As shown in Figure
llb the average plasticity of the C hori-
zons of the parent material groups varies
according to their clay contents. All of
them except Parent Materials 6 and 7 are CL
soils. Parent Material 6, the finest-tex-
tured drift, is on the borderline between
clays of high and low plasticity (CL-CH).
Parent Material 7, sandy sediments is below
the A-line with silt of low compressibility
(ML). However, the average grain-size char-
acteristics of the C horizon of Parent
Material 7 indicate that less than 50 per
cent of the material passes the No. 200
sieve. Thus, it has an average Unified
classification of silty sand (SM).
The data plotted in Figures lla and llb
are reproduced in Figures 12a and 12b on the
plasticity charts for the AASHO system of
soil classification. Since all of the soils
and soil groups contain an average of more
than 35 per cent passing the No. 200 sieve,
none of them classify as A-2. However, it
may be expected that individual samples from
soils derived from Parent Materials 7 and 9
may sometimes fall in the A-2 classification.
Huntsville and Proctor soils classify as A-4
on Figure 12a. Ridgeville would probably
plot in the same group, but it is not shown
since too few of the samples were plastic.
Lisbon, Muscatine, Saybrook, Brenton, and
Elliott classify as A-6 soils whereas the
Swygert and Clarence are sufficiently plastic
to classify as A-7-6. These data are con-
firmed in Figure 12b which shows the average
plasticity values for the C horizon of the
various parent materials. Parent Materials
7 and 9 classify as A-4 soils, Parent Mate-
rials 3, 4, 8 and the loess classify as A-6
soils, and Parent Materials 5 and 6 classify
as A-7-6.
An analysis of the textural and plasti-
city data for the C horizon of the various
soils and soil groups is shown in Table 3. It
shows the close correspondence which exists
between plasticity characteristics, clay con-
tent, USDA textural classification, and the
nature of the soil parent material. Although
the groupings presented in Table 3 should be
considered as approximations, they provide
some basis for correlation between textural
classifications and plasticity characteristics
of Illinois soils. A more precise correlation
obtained from a statistical analysis of data
on a large number of Illinois soil types indi-
cates that not only do the plasticity values
depend upon clay content, but also upon the
kind of clay and the per cent of organic mat-
ter.(20) The close correlation which appears
in Table 3 is undoubtedly due to the facts
that the clay composition is relatively con-
stant throughout the area and the C horizons
contain little or no organic matter.
Figures 13a and 13b show the average
plasticity values of the A horizons of the
typical soils and parent materials, respec-
tively, and Figures 14a and 14b present the
same data for the B horizons. It appears
that the processes of soil formation have
had a definite influence in determining the
plasticity characteristics of the upper
horizons. For example, it may be noted in
Figure 13a that only the Ridgeville A
classifies as an A-4 soil. The A horizon
of all other soils classifies as A-7-6. This
is probably the result of the influence of
organic matter which has been accumulated
under prairie vegetation and imperfect
drainage conditions. Figure 13b shows that
the A horizons of Parent Material 7 classify
as A-4, those of Parent Material 8 fall barely
into class A-6, and all other parent materials
have average A horizon characteristics of
A-7-6 soils.
Figures 14a and 14b show that the parent
material has a definite influence on the
plasticity characteristics of the B horizons.
There is enough clay in Ridgeville B for it
to be in the A-6 class along with those of
Proctor and Brenton. The B horizons of the
remaining soils are A-7-6 with a general
tendency for those developed on the finest-
textured tills to have the highest plasticity
values. Figure 14b confirms that the plasti-
city of the B horizon increases with an
increase in clay content of the parent mate-
rial. The B horizons of Parent Material 7
soils average A-4, those of Parent Material 8
are A-6, and the remainder are A-7-6. There
is, however, a distinct break between the less
plastic soils derived from Parent Materials 3
and 4, and those derived from the highly
plastic Parent Materials 5 and 6. The
loessial soils tend to group with the clay
drifts of high plasticity. The more highly
plastic B horizon of loessial soils may be
attributed in part to the fact that they have
higher clay contents than soils derived from
till Parent Materials 3 and 4, but, also to
the fact that the loess contains a higher
percentage of montmorillonite clay.(2)
3. Moisture-Density Relations
The average values of optimum moisture
content and maximum dry density for the ten
typical soils are shown in Figure 15a. Aver-
age maximum dry density values of the vari-
ous C horizons are inversely related to
their clay contents and plasticity. This is
shown by a comparison of Figure 15a with
Figures 6a and 12a. The highly plastic clay
drift of the Clarence C horizon has the
lowest average maximum density at the highest
optimum moisture content while the slightly
plastic parent material of the Huntsville has
the highest average maximum density at the
lowest optimum water content. The combined
influence of textural and plasticity charac-
teristics on optimum moisture content and
maximum density values is also illustrated by
Figure 15b which shows the average values for
the parent material groups. A nearly straight-
line relationship exists among these data. A
comparison of Figure 15b with Figures 8 and
llb leaves no doubt that the various soil
properties are interrelated.
Table 4 lists the average values of
Atterberg limits, texture, and moisture-
density relations for each of the parent
material groups. The values of maximum dry
density and optimum moisture content given in
the last two columns were predicted using the
formulas suggested by Ring, Sallberg, and
Collins.(22) In the determination of the
fineness average it was necessary to estimate
the percentages finer than the l[ size by
extrapolation of the curves shown in Figure
6b. Table 4 reveals that, in general, the
predicted values of maximum dry density were
higher than the actual values and the pre-
dicted values of optimum moisture content
were below the actual values. The exceptions
to this general trend were loess and Parent
Materials 7 and 8. For the loess and Parent
Material 8, these differences do not appear
to be significant since the optimum moisture
contents are almost identical and the pre-
dicted maximum dry density values are within
2 pcf of the actual averages. For Parent
Material 7, however, the discrepancies between
predicted and actual values are considerable:
approximately 10 pcf and 4 per cent. These
differences may be partially explained by the
fact that approximately two-thirds of the
samples of Parent Material 7 were classified
as non-plastic; thus the Atterberg limit
values used in the predicting equations were
not truly representative of the entire group.
Furthermore, the statistical equations for
prediction were based only on data for plas-
tic soils and should not be expected to fur-
nish accurate predictions for relatively non-
plastic materials.
The more plastic Parent Materials 4, 5,
and 6 all gave predicted values of maximum
dry density which were several per cent above
the actual values. These discrepancies can
best be explained on the basis of statistical
variations which are involved in such pre-
dicting equations. Ring, Sallberg, and
Collins state that the standard errors of
estimate for their predicting equations are
± 4.32 pcf and ± 2.17 per cent. Although
these values are greatly exceeded in the
prediction of the compaction characteristics
of Parent Material 7, the predicted values
for Parent Materials 4, 5, and 6 are well
within these limits. More reliable predic-
tion equations could undoubtedly be derived
for Livingston County soils alone on the basis
of data presently available. However, it is
felt that such equations will be more valuable
when they can be derived from data obtained
from several Illinois counties rather than
just one.
4. Summary of Statistical Study
In the preceding discussion the dif-
ferences which exist between the C horizon
physical properties of the parent material
groups and representative soils of these
groups have been illustrated in a number of
different ways. A summary of the average
index properties of the parent material groups
is contained in Table 4 and the statistical
characteristics and construction information
are summarized on data sheets in Appendix B.
An inspection of these data leaves no doubt
that there are differences between these
groups which are significant from the engi-
neering standpoint. For example, if Parent
Material 7 is compared with Parent Material 6
it may be observed that the average liquid
limit values are 31.2 and 49.9 and the average
plasticity index values are 4.7 and 29.0. On
the average these materials should behave
quite differently. On the other hand, a
similar comparison of Parent Material 5 and
Parent Material 6 indicates average liquid
limits of 46.3 and 49.9 and plasticity index
values of 26.7 and 29.0 respectively. There
is some doubt whether these differences are
significant in engineering. While it is not
possible to resolve this doubt in the labora-
tory, it is possible to compare average index
property values of the various parent materi-
als on a statistical basis. Such comparisons
were made, utilizing a pooled variance esti-(12)
mate. In conducting this comparison,
each average index property value for each
parent material group was tested against the
same value for each one of the other parent
material groups. The results are summarized
in Table 5. Wherever an index property symbol
appears in the box relating two different
parent material groups, it denotes that
statistically significant differences in this
property were observed. A single asterisk
following the symbol indicates significance
at the 10 per cent level (odds 9 out of 10
that the differences are significant) and
no asterisk indicates significance at the
5 per cent level (odds 19 out of 20). For
example, the upper left-hand box compares
Parent Material 7 with Parent Material 9.
Only two symbols appear in this box, but
both have double asterisks. These two symbols
represent the per cent passing the No. 10
sieve and the per cent passing the No. 40
sieve. Since no other symbols appear in this
box, it may be assumed that there were not
any statistically significant differences
observed in the per cent passing the No. 200
sieve, the per cent clay, the liquid limit,
the plasticity index, the maximum dry density,
or the optimum moisture content values.
Only two of the blocks in Table 5 are
completely empty. These two blocks repre-
sent tests of Parent Material 8 versus
Parent Material 9, and Parent Material 5
versus Parent Material 6. With these two
exceptions , statistically provable differ-
ences were found between every other possible
pair of parent materials on the basis of the
data obtained in this investigation. In most
cases these differences were observed not only
in two or three index properties, but in four
or more. Some explanation is warranted for
the two cases where statistically significant
differences were not found. Parent Materials
8 and 9 are both water-laid materials. Parent
Material 8 represents outwash laid down by
streams flowing off the front of the glacial
ice at the time of withdrawal of the Wiscon-
sinan ice sheet; Parent Material 9 represents
materials derived from deposition by present-
day streams. It is reasonable that the two
materials should have marked similarities
because of their similar geological origin.
The difficulty in determining significant
differences between them is enhanced by two
other factors. Water-laid deposits are
naturally erratic in character and therefore
the data obtained are quite variable result-
ing in large values of standard deviations.
Only five samples of Parent Material 9
were available since it included only one
soil type, Huntsville loam. The combination
of high variability of test data with the
small number of test data available for one
of the groups makes it highly improbable
that statistically significant differences
will be evident unless the differences
between the mean values are large.
In the case of Parent Materials 5 and 6
both are fine-textured drift. In Livingston
County these two materials are frequently
intermingled, or at least closely associated,
making their separation during field mapping
particularly difficult. Although these
materials are not considered to be as highly
variable as are water-laid materials, a factor
of variability has been introduced in the
process of grouping the soils as noted in
Table 2. By including the data for the Chats-
worth silty clay to clay and Eylar silt loam
with Parent Material 5, rather than trying to
divide them on the basis of their index proper-
ties between Parent Materials 5 and 6, the
variability of Parent Material 5 has been
increased. Furthermore, only ten samples were
tested which represented Parent Material 6.
Again, the combination of the variability of
test data for one of the groups combined with
the small amount of data for the other has
made it difficult to prove statistically
significant differences where differences be-
tween the average index property values are
not large. On the other hand, data previously
presented show that Parent Material 6 is finer
and more plastic than Parent Material 5, and
thus from the engineering standpoint it
should behave as a significantly different
material.
In the discussion of the grain-size and
plasticity characteristics of various parent
materials and of the A and B horizons of
soils developed on them, it was pointed out
that certain similarities between the A, B,
and C horizons do exist. On the other hand,
modifying factors, practicularly the soil
forming factors of vegetation and topography,
have also influenced the characteristics of
the solum. Therefore, the average solum
characteristics of the Great Soil Groups and
representatives of these groups as they are
mapped in Livingston County should be con-
sidered. The assignment of a soil type to a
Great Soil Group depends primarily on its
generalized profile characteristics with par-
ticular emphasis being given to the A and B
horizons which constitute the developed por-
tion of the profile. Livingston County soils
were assigned to Great Soil Groups as shown
in Table 6, with the Brunizems subdivided on
the basis of natural drainage. Each one of
the groups contains representatives of more
than one parent material with the exception of
the Alluvial group which contains only Hunts-
ville loam and represents only Parent Material
9. In spite of the differences in parent
materials from which these various soil pro-
files were formed, there are similarities in
the solum characteristics of soils within any
one Great Soil Group. Furthermore, the devel-
opment of the A and B horizons under con-
ditions of soil formation should have caused
recognizable differences between the solums
of various Great Groups.
Six Livingston County soil types have
been omitted from Table 6. These are the
three types developed from Parent Material 7
(Onarga sandy loam, Ridgeville sandy loam, and
Rankin sandy loam) and the three types on which
insufficient data were obtained for a valid
statistical analysis (Houghton muck, Denny
silt loam, and Alvin sandy loam). Thus, only
33 of the 39 soil types mapped in the county
are represented. However, these 33 soil types
occupy approximately 99.4 per cent of the
total county area. The three sandy soils
were omitted from this analysis because it
was felt that their solum characteristics
were so greatly different from those of the
other soils that the inclusion of these data
would tend to obscure the differences which
actually do exist among the Great Soil Groups.
The average plasticity data for the A
and B horizons of the Great Soil Groups are
plotted in Figures 16a and 16b respectively.
Only 7 of the 8 groups are represented on
these figures since the Alluvial group in-
cludes only one soil (Huntsville loam, bottom)
and it has no true solum. The data indicate
that on the average surface horizons of soils
in Livingston County classify as either A-6
or A-7-6. They also indicate that only two
of the groups have an average A-6 classifica-
tion in the solum. These are the Gray-Brown
Podzolic soils developed under forest vegeta-
tion (including those described both as well-
drained and imperfectly drained) and Well-
Drained Brunizem soils developed under grass
vegetation. The Regosols, Planosols, Moder-
ately Well-Drained Brunizems, Imperfectly
Drained Brunizems, and Humic-Gley soils all
have an average classification of A-7-6. The
most highly plastic A horizon (Figure 16a)
is that of the Humic-Gley soils developed in
depressional areas with poor to very poor
natural drainage. However, the B horizon
plasticity characteristics of this group are
not significantly different from those of the
Brunizem soils (Figure 16b).
Obviously, because of the wide variety
of parent materials represented by each of
the Great Soil Groups, it may be anticipated
that considerable variation will exist with
respect to any given characteristic within
any Great Soil Group. The magnitude of this
variation is indicated by Table 7 which shows
the average liquid limit, plasticity index,
and per cent clay (< 2p) of the A and B
horizons of the most important pedologic
groups in Livingston County. Below each
average value is given the 85 percentile
ranges as determined by statistical analysis
of the data for each group. There is an
increase in plasticity characteristics and
clay content of the A horizon proceeding
down the table from Gray-Brown Podzolic soils
developed under forest vegetation through the
Brunizems to the depressional Humic-Gley
soils. However, a similar trend is less
apparent for the B horizon properties.
For example, the B horizon of soils devel-
oped under forest vegetation tends to be at
least as plastic as the B horizon of soils
developed under grass for nearly equivalent
drainage conditions. As the drainage condi-
tions became poorer the Brunizem soils tend
to increase in plasticity and clay content
and to have about the same B horizon char-
acteristics as the Humic-Gley Group. Under
poor drainage conditions, very little fine
material can be leached from the A horizon.
Thus, the Humic-Gley soils have B horizons
which are no more plastic nor clayey than the
Imperfectly Drained Brunizems.
In Table 8 are given data for representa-
tive soil types of the most important Great
Soil Groups. All of the soils developed from
Parent Material 3, loam till, with the excep-
tion of Drummer which may also represent
Parent Material 8. The data are arranged in
the same manner as in Table 7 and exactly the
same sort of progression in properties of the
A horizons is evident in Table 8 as in Table
7. As noted above, these differences tend to
be obscured in the B horizons. For example,
Miami silt loam has a finer-textured and more
plastic B horizon than does the Well-Drained
Brunizem, LaRose silt loam. The B horizon
of Drummer appears to be less plastic and to
have a lower clay content than does the B
horizon of the Imperfectly Drained Brunizem,
Lisbon silt loam. The plasticity data in
Table 8 are also plotted in Figures 17a and
17b. In considering these figures, the
previous discussion of Parent Material 3
should be recalled. Although this material
may on occasions have plasticity characteris-
tics low enough to fall within the A-4
classification and occasionally high enough
to fall in the A-7-6 classification, on the
average it classifies as A-6. Figure 17a
shows that the odds are highly in favor of
the surface soils of any of these soil types
having an A-7-6 classification. One exception
is the Gray-Brown Podzolic soil, Miami silt
loam, which may vary through a range from A-4
to A-7-6 with average values in the A-6 classi-
fication. On the other hand, Figure 17b shows
that the average B horizons of the various
soil types developed in loam till classify as
A-7-6, but the odds are nearly 50-50 that
this horizon of Miami, LaRose, or Saybrook
will classify as A-6. However, for Lisbon
silt loam and Drummer clay loam the odds are
greatly in favor of a B horizon classifi-
cation A-7-6. Thus, the engineer should bear
in mind that a high percentage of the surface
horizons of the soils of Livingston County
will be more plastic than the underlying
parent materials. While the soils developed
on fine-textured drift provide exceptions to
this statement, it is generally valid for
soils developed on coarse- and medium-textured
parent materials. If soil materials are taken
from shallow cuts for building shallow fills
the fill material will often be more plastic
than the material which was exposed in the
cut sections. Thus a considerable contrast
in plasticity characteristics and probable
engineering performance will exist from cut
to fill sections. The next chapter will
discuss in more detail the engineering
implications which may be derived from data
accumulated as a result of this detailed
study of soils in Livingston County.
IV. ENGINEERING USE OF LIVINGSTON COUNTY SOIL DATA
A. THE PEDOLOGIC MAP UNIT
All of the data obtained during the engi-
neering study of soils in Livingston County
are contained in tabular form in Appendices
A and B. Data on individual soil types are
arranged in numerical order by soil type
number. There are four sets of data for each
soil type. The first gives typical profile
characteristics and basic pedologic and geo-
logic information. Standard soil survey
nomenclature is used to describe the surface
and internal drainage characteristics.
Adjacent to typical descriptions of each hori-
zon are given the 85 percentile ranges for
each physical property which was determined
and finally the associated engineering clas-
sifications. The predominant classification
is given first followed by other possible but
less common classifications.
The second set of data gives an engi-
neering analysis of the soil type based on
considerations of its profile characteristics,
topographic situation, and typical physical
properties. The third set summarizes the
basic data obtained for each sample of soil
which was tested. The profile sampling loca-
tion, slope, and depth of each sample are
given. These data show the sort of varia-
tions that may be expected within any given
soil type and horizon. If desired, they may
be used to select values of index properties
to be used for design purposes in lieu of
those obtained by statistical analysis.
A summary of data obtained from the
statistical study of the physical property
values of each soil horizon constitutes the
fourth set. This information was derived by
accepted statistical methods for evaluating
the mean and variance of the data. It clearly
shows the degree of variability which exists
with respect to any physical property value
within any given horizon and soil type. An
appreciation of the degree of variability
may be obtained quickly by reference to the
column on the right, Number of Samples
Required. The values given there are the
statistically determined number of samples
required to ascertain a mean property value
at the 5 per cent level of significance with
the requirement that the population mean be
determined within the range of sample mean
± 5 per cent or sample mean ± 5 pcf. For
example, for the A horizon of soil type 23,
Blount silt loam, this column indicates that
in Livingston County only one sample of that
horizon would be required to estimate its
mean liquid limit value within the range of
± 5 per cent (28.2 - 38.2) with 95 per cent
reliability. In contrast, 21 samples of the
B horizon of Blount silt loam in Livingston
County would be required to obtain its mean
liquid limit with the same degree of precision
and reliability. It is immediately apparent
that liquid limit values in the B horizon
of Blount silt loam are much more variable
than in the A horizon. It should be
observed, however, that with respect to other
property values such as the per cent passing
the No. 4 sieve, one sample of the B horizon
provides the same degree of precision in esti-
mating the mean as does one sample of the A.
A more complete discussion of the other statis-
tics given in this data set is contained in
Chapter III and an explanation of their meaning
is given in a recent publication.
The data contained in Appendix A were
obtained using soil maps accompanying "Liv-
ingston County Soils,"(31) and should be
utilized in conjunction with these maps. These
maps can be obtained from the University of
Illinois Agricultural Experiment Station and
therefore are not included with this report.
However, they may be considered as a requisite
to the proper use of this report for soil engi-
neering work in Livingston County. It is
expected that these data can also be applied
to the same soil types in other counties;
however, statistical verification of this
premise must await the accumulation of addi-
tional data on the physical properties of
Illinois soils.
Chapter I illustrates how a soil map can
be used to estimate the engineering charac-
teristics of surficial soils. The map deline-
ates the boundaries of pedologic units to be
found in an area under consideration, and the
tables contained in Appendix A give pertinent
classification data for each map unit. It
should be emphasized, however, that the relia-
bility of the data varies with the degree of
variability of each soil map unit. In some
cases there will be a very good correspondence
between data obtained from tests on samples
taken at any particular site and the average
data presented in Appendix A. In other cases
the correspondence may be relatively poor,
due to the high degree of variability of the
soil map unit. This does not seriously impair
the usefulness of the soil map and the data
presented herein, for it is not intended that
this report should eliminate the performance
of detailed soil surveys. Rather, the data
contained here show which soil areas are
highly variable and thus require intensive
sampling, in contrast to those which require
a relatively small amount of sampling because
of the high degree of uniformity of the soil
types which occur.
B. PRELIMINARY PLANNING FOR HIGHWAY LOCATIONS
For preliminary planning it may often be
advantageous to use more generalized maps
than those showing pedologic soil types. For
example, it is possible to determine the
generalized characteristics of an area on the
basis of a soil association map such as that
presented in Figure 5. In this map, the sur-
face soils have been grouped on the basis of
parent material and surface color. The light
colored soils developed under forest vegeta-
tion and the dark colored soils under prairie.
Soil color may usually be ignored in prelimi-
nary planning. The data sheets in Appendix B
summarize the statistical characteristics of
soil parent materials in Livingston County.
The information is presented in much the same
way as for individual soil types. However,
it is not possible to include typical profile
characteristics, topography, drainage con-
ditions, or Great Soil Group since these vary
widely within each parent material. Neverthe-
less, they do give a generalized engineering
interpretation of the data applicable to the
C horizon, which is valuable for preliminary
planning.
As an example, let us suppose that
general highway planning indicates the desir-
ability of a route extending in a northwest to
southeast direction across Livingston County.
No such route exists at the present time, but
a reasonable location requirement might be
that it pass relatively close to the city of
Pontiac in order to provide ready access to
that community. In the northern half of the
county the Vermilion River approximately fol-
lows the trend of the proposed highway align-
ment. In the preliminary planning stage a
decision should be made as to whether an
alignment lying on the southwest side or one
on the northeast side of the Vermilion would
be most desirable.
An inspection of Figure 5 reveals that
an alignment on the southwest side of the
valley (No. 1) would be mainly in an area
where surficial loess is more than 2 feet
thick. The underlying materials consist
primarily of silty clay loam till, medium
textured outwash, and in the southern part of
the county, loam till. In the extreme north-
west corner of the county the loess is about
5 feet thick and the parent material would
be loessial, although silty clay loam till
would be encountered in deep cuts. On the
northeast side of the Vermilion River there
would be a choice between an alignment (No. 2)
in or immediately adjacent to the valley, on
alluvium, medium textured outwash, and silty
clay loam till or one (No. 3) a few miles
from the valley on silty clay or clay drift,
interspersed with small areas of medium tex-
tured outwash. Surficial loess more than 2
feet thick occurs over about one-half of each
of these alignments.
Using information in Appendix B, it may
be anticipated that on Alignment No. I the
parent materials have predominantly an A-6
classification and such materials would pre-
dominate in cuts and borrow areas. Some peat
deposits may be encountered but most (if not
all) of these can probably be avoided when
the final alignment is chosen. Generally,
only moderate cuts and fills may be required.
Excavation will not be unusually difficult
except during the rainy season and then par-
ticularly in areas which are nearly level or
depressional. Cut slopes are normally stable
at li to 1 except in the thick loess area
where even steeper slopes are preferred in
order to avoid excessive erosion. In the
thick loess area some problems of fill com-
paction or seepage in deep cuts may be
encountered. In the loam or silty clay loam
till areas the parent material will usually
be found at moisture contents relatively
close to optimum. Compaction to high density
should be readily accomplished on the materi-
als removed from cuts or selected borrow
areas. Granular materials of varying quality
are available in the outwash areas. Lime-
stone aggregate is available near Pontiac,
but in this region deep cuts may encounter
rock and should be avoided if possible (see
Figure 4).
Alignment No. 2 immediately to the north-
east of the Vermilion River would lie mostly
on glacial outwash or recent alluvium. In the
southeastern part of the county either loam
till or silty clay drift would be encountered.
Granular parent materials would be fairly
common in the northern part of the alignment
but surface soils would probably be thicker
and more compressible, especially in the
valley. In the outwash area, peat deposits
may be found but these can usually be avoided.
It would be expected that vertical alignment
problems would be similar to those encount-
ered along Alignment No. 1. However, because
of its proximity to the Vermilion River such
problems might be more prevalent. Topographic
maps should be consulted in estimating the
relative magnitude of the vertical alignment
problems for the two routes. High water could
present some problems in the valley and rock
cuts might present special problems.
Alignment No. 3, a few miles northeast
of the valley, will lie mostly in an area
underlain by A-7-6 materials to a consider-
able depth. Peat deposits are relatively
rare. Vertical alignment problems may be
expected to be of the same order of magnitude
as those predicted for the other two align-
ments. The principal considerations will be
associated with the necessity of handling
fine-textured material which is practically
impermeable and the extra expense of design-
ing suitable pavements for such subgrade
conditions. Natural moisture contents five
per cent or more above optimum are common and
the material is difficult to dry, even under
ideal weather conditions. This would be the
least desirable alignment from the soil engi-
neering standpoint. Although the final
choice of alignments will undoubtedly be
influenced by other factors, data contained
in this report allow the choice to be made
with more consideration given to soil engi-
neering problems, even before a field survey
has been implemented.
C. ENGINEERING SOIL SURVEY
1. Preliminary Reconnaissance Survey
The current practice of first determin-
ing the alignment of a transportation facility
and then making a soil survey is not desirable
from the soil engineering standpoint. Although
pavements can be designed for poor soil con-
ditions, an alignment can be selected with
the soil conditions in mind so as to avoid
some, if not all, of the least desirable
areas.
The results of recent research suggest
that a useful and economical soil survey for
transportation facilities can best be achieved
by the following approach:
(1) The preliminary center line of the
proposed transportation facility is first
determined by considering all the factors
including the general soil conditions in the
area as previously discussed.
(2) A preliminary soil survey covering
a strip approximately 1/2 mile wide along the
preliminary center line should then be made.
The Livingston County soil map should be
used in planning the survey. Tests on sam-
ples from a few borings properly located
enable the soils engineer to verify or modify
estimates of the engineering properties of
the various soil types given in this report.
Areas which appear to have the worst subgrade
conditions should be examined in more detail
than those which appear to have good subgrade
conditions. A similar procedure may be fol-
lowed in other counties where agricultural
soil reports are available. Where soil con-
ditions are similar to those in Livingston
County, information contained in this report
will be of value. In other areas, previously
published reports should be consulted.(17,27)
If no published soil map is available, then
airphoto interpretation procedures used in
combination with generalized soil information,
such as soil association maps, will help to
delineate soil areas and plan the survey.
(3) After the preliminary soil survey is
completed, the final alignment can then be
specified so as to avoid, as much as possible,
those areas with undesirable soil conditions,
taking other alignment requirements into
consideration.
(4) The soil engineer may then proceed
to lay out the detailed exploratory program,
giving special emphasis to areas of variable
soil types, poor soil conditions, deep cuts,
high fills, borrow materials, etc.
a. Detailed Final Survey for Design
It should be apparent from the preced-
ing discussions that the soil survey map of
Livingston County provides an ideal basis for
planning and carrying out a soil survey for
engineering purposes. The soil types which
appear on the map are particularly useful
since they are natural units interrelated to
the underlying substrata, the surface horizons,
the topography, and the drainage conditions in
the area. Because the soil map of Livingston
County is published on the small scale of
I inch = 1 mile, every minor change in soil
types cannot be shown. For this reason, the
map cannot be used to pinpoint the exact
locations of borings. Furthermore, enlarge-
ments of the present map would not be more
accurate. The map, however, can be utilized
very effectively in conjunction with aerial
photographs of an area. Photography is
available to the scale of 1:20,000 (approxi-
mately 3.17 inches = 1 mile) and may be
purchased from the U. S. Department of Agri-
culture. The outline of each pedologic map
unit area may be transferred to the photo-
graphs. Generally, it is then apparent from
shadings on the photographs where soil con-
ditions change within any of the soil bound-
aries. Photographs taken to a scale of
approximately 1 inch = 800 feet are parti-
cularly useful in planning and executing the
engineering soil survey and may often be
available as a byproduct of photogrammetric
surveys prepared for highway purposes.
As soon as the proposed alignment is
determined, it should be reproduced on the
Livingston County soil map and also on avail-
able aerial photographs. The soil map should
have been used in the selection of the pre-
liminary alignment and the soil engineer
should already be familiar with general soil
conditions in the area. Let us assume that
the alignment under consideration is that
shown in Figures I and 2. In considering
details of the area it should be noted that
Figure 2, showing parent materials, has been
reduced from a scale of 1:20,000 to an
approximate scale of 3 inches = 1 mile and
therefore more detail will be shown on the
original photographs. If photographs to the
scale of I inch = 800 feet are available even
more detail will be shown. Proposed loca-
tions of borings may be pin-pointed directly
on the photographs and thus located readily
by the field survey crews. The actual pro-
cedure for locating the borings and the
spacing to be employed will vary according
to the nature of the facility. It is recom-
mended, however, that the method selected
should should take advantage of the knowledge
of soils in Livingston County accumulated as
part of this investigation. Two such methods
are described in the following paragraphs.
a. Method I
As a preliminary outline of the program
of survey it is planned that at least one
boring should be made in the area covered by
each soil type as listed in Table 9. These
may be considered as a minimum program unless
the maps show excessive detail which is not
important in engineering. Furthermore,
wherever the aerial photographs indicate
variations within the soil type these local
exceptions should also be sampled. Referring
now to the data sheets for each of the soil
types, the survey can be planned in the light
of variations which may be anticipated within
each map unit area and in consideration of
the area of each soil type covered by the
alignment.
The steps to be followed in setting up
the detailed plan of the soil survey are the
following:
(1) The length of each soil type to be
encountered along the proposed line of right-
of-way is first set down in thousands of
feet. This information is contained in the
first three columns of Table 9.
(2) It is assumed that at least one
boring will be made in each soil type area as
delineated from a study of the Livingston
County Soil Map.
(3) In this case it is also assumed
that the proposed line of right-of-way is
for a portion of the Federal Aid Interstate
System and that borings will be made on the
average for the two lanes of the proposed
highway at an interval of I every 150 feet,
but that there is no need to alternate the
borings from one lane to the other as long
as all soil areas are examined.
(4) It may be seen in Table 9 that
Houghton muck, an organic soil, occurs at
3 locations along the line of right-of-way.
The length of these three sections have been
noted in parentheses since it is normal pro-
cedure to explore the areas covered by peat
and muck deposits in a different manner than
that which is followed for mineral soils.
Therefore, these areas have been excluded
from consideration in planning the soil sur-
vey and should be handled by a separate
investigation including soundings to deter-
mine the depth of organic material and
sampling below the organic materials to deter-
mine the strength and settlement characteris-
tics of the underlying silts, clays, or marly
deposits. With these areas excluded the total
length of the alignment in mineral soils is
approximately 9860 feet. If an average sam-
pling interval of 150 feet is to be utilized,
a total of 66 borings are required within this
section of the alignment. Table 9 shows that
there are eleven separate map areas excluding
soil type 103, Houghton muck. Since at least
one boring is to be made in each of these
areas, there remains a net number of borings
of 66 - 11 = 55 to be distributed on a statis-
tical basis among the eleven mineral soil map
areas previously noted.
(5) It is next necessary to select from
the data sheets in Appendix A the appropriate
number of samples required for the soils in-
vestigation. In this case it has been decided
that the selection shall be made from the
maximum value for either the liquid limit or
the plasticity index as determined for the
C horizon of the respective soil type. The
appropriate value is given in Column 4 of
Table 9. Other physical properties could be
used and more than two could be considered if
desired. Method 2 describes a procedure in
which four physical properties are considered.
(6) Column 5 gives the sampling factor
determined as the product of the length of
each map section and the number of samples
required for the corresponding soil type.
The total of the sampling factor values is
122.7.
(7) A ratio is then calculated between
the total number of borings (55) to be dis-
tributed and the total value of the sampling
factor (122.7). This value multiplied by
the sampling factor for each map area yields
the number of pro-rated borings which will be
made in that area. One more boring is added
to each of these in order to get the total
number of borings shown in Column 6.
Example: 148 Proctor silt loam
(first area)
55 1 122.7 = .448
.448 x 9.68 = 4.34
4.34 + 1 = 5.34, say 5 borings.
(8) The total number of borings is
equal to 66 as agreed upon in the original
assumption of an average spacing of 150 feet
between borings. The last column of Table 9
shows that the borings are not equally dis-
tributed among the various soil types. The
greatest number of borings are concentrated
in soil types 148, 152, and 223 which are
the most variable with respect to the physical
properties chosen for consideration.
(9) The soil engineer in charge of the
survey may now set up his detailed program of
soil sampling, distributing the number of
borings within any given area in such a man-
ner as to include the local variations which
may appear either by consideration of the
aerial photographic pattern or by inspection
of conditions prevailing in the field. Thus,
the detailed engineering soil survey takes
advantage of the knowledge which has been
gained of the variability of any given
natural soil unit. It tends to avoid prob-
lems resulting from a regular pattern of
soil borings which include:
(a) the possibility of missing a
detrimental soil type which may,
during construction, cause prob-
lems all out of proportion to the
amount of area which it occupies,
(b) the sampling of a uniform soil type
many times more than is necessary
to determine its average charac-
teristics and variability, and,
(c) the possibility of placing a very
small number of borings in an
extremely erratic soil, which may
be actually responsible for the
major engineering problems along
the proposed line of right-of-way.
b. Method 2
Another method of planning a detailed
program of field sampling for highway surveys
has been briefly described in a previous pub-
(19)lication. This method specifies that the
average index properties of any given soil
type shall be determined with some specified
degree of precision without regard to the
area of that soil type along the alignment.
Since it completely ignores the area to be
traversed, it may yield answers which are
somewhat incongruous if a soil type happens to
be extremely variable and at the same time
occupies a relatively small area. On the
other hand, over a moderately long alignment
in areas where the prevalent soil types are
almost equally represented, it forms a sound
basis for planning, since the largest number
of borings will be concentrated in those soil
types which are inherently the most variable.
Utilizing the alignment shown in Figures I and
2, Table 10 has been assembled from the Appen-
dix A data sheets. The steps followed in this
method are as follows:
(1) The soil types along the proposed
line of right-of-way are first enumerated
without any consideration as to the area
covered by each, as shown in Column 1.
(2) Sampling criteria are then selected
with respect to the degree of precision and
the soil properties which are believed to be
most pertinent to the performance of the pro-
posed pavement structure. The assumption
made here is that enough samples shall be
taken from each soil type to assure that the
mean values can be established with the
desired degree of precision for at least
three out of four of the following physical
properties: liquid limit, plasticity index,
per cent passing the No. 200 sieve, and per
cent clay (< 2p). The degree of precision
with which each mean value shall be deter-
mined is the same as that used in the pre-
paration of the last column of the Summary of
Statistical Data, Appendix A, Number of Sam-
ples Required. The mean value shall be
determined so that the odds are 95 in 100
that the population mean value lies within
the range: sample mean ± 5 per cent. In
this example, only C horizon material was
considered as was the case in Method 1. It
should be noted, however, that the criteria
for sampling has been strengthened from that
given in Method I since one more physical
property, grain-size distribution, is taken
into consideration. The necessary data are
shown in Columns 3, 4, 5, and 6 of Table 10.
(3) The number of borings required for
each soil type is taken as the second highest
value of the four as recorded in Column 7.
For purposes of comparison, the number of
borings required in each soil type as deter-
mined by Method I has been listed in Column 8.
Nearly twice as many borings are required
on the basis of criteria set up for Method 2
than were required by Method I where some
specified number of borings are used as a
basis for the sampling program. However, the
distribution of borings in each soil type is
not greatly different. The principal dis-
crepancy appears to be that a much larger
proportion of borings are now concentrated
in the more variable Parent Material 8 and
less in the relatively uniform Parent Material
3o A relatively large number of samples are
concentrated in Varna silt loam which occupies
a relatively small percentage of the total
area, but as previously pointed out, if areas
of the various soil materials were about
evenly distributed along the proposed align-
ment this discrepancy would not be so obvious.
The procedure for selecting the number of
samples required from the data sheets in
Appendix A can be varied in several ways.
For example, the procedure followed in Method
2 could as well be applied in Method 1.
Furthermore, other kinds of statistical cri-
teria could be set up as a basis for detailed
sampling program as more experience is gained
with these methods.
D. DESIGN FACTORS
For each soil type the data sheets in
Appendix A contain certain information which
may be utilized directly in design. In addi-
tion to that information which pertains
directly to the engineering classification of
soils, three other items of importance are
listed under the headings: water table,
frost action, and cut slopes. Water table
information is given as estimated depth of
the water table during the spring of the
year in Livingston County. This estimate is
derived primarily from knowledge of the nor-
mal topographic position and general surface
drainage characteristics as described by
agricultural soil scientists.(3 0 )  Following
this is a classification of the drainage in
accordance with the policy followed by the
Illinois Division of Highways in pavement
design and construction. (21) Drainage con-
ditions are described as good, fair, poor, or
very poor and sometimes range from one cate-
gory to the next.
In most pavement design procedures,
frost action is taken into consideration in
two ways; on the basis of the average or
maximum depth of frost penetration, and on
the basis of the frost susceptibility of the
materials. Little specific information is
available on average depth of frost penetra-
tion in various parts of Illinois. For the
Livingston County area it is believed to
be about 30 to 36 inches. The maximum
depth of frost penetration during a severe
winter may be 40 inches or more. Depending
upon the pavement design procedure which is
utilized, either one of these figures may be
incorporated into the design. As more pre-
cise data become available they should be
used. With regard to the classification of
the materials on the basis of susceptibility
to deterimental frost action, either the
AASHO or Unified groupings may be used as
general criteria. However, more specific
criteria based on grain size and plasticity
characteristics have been adopted by the
U. S. Army Corps of Engineers for use in
airfield and highway pavement design.(1 6 )
The various soils of Livingston County have
been classified with regard to susceptibility
to frost action as Fi, F2, F , or F4 with
primary consideration being given to the
character of the parent materials. The
definition of each classification is given
in the following paragraphs:
F, Gravelly soils containing 3 to 10
per cent finer than 0.02 mm by
weight.
F2  (a) Gravelly soils containing 10
to 20 per cent finer than 0.02
mm by weight.
(b) Sands containing 3 to 15 per
cent finer than 0.02 mm by
weight.
F3  (a) Gravelly soils containing more
than 20 per cent finer than
0.02 mm by weight.
(b) Sands, except very fine silty
sands, containing more than 15
per cent finer than 0.02 mm by
weight.
(c) Clays with plasticity indexes
of more than 12.
F4  (a) All silts including sandy
silts.
(b) Very fine silty sands contain-
ing more than 15 per cent
finer than 0.02 mm by weight.
(c) Clays with plasticity indexes
of less than 12,
(d) Varved clays and other fine-
grained, banded sediments.
Information on the stability of cut
slopes is first given in terms of stability
at a nominal slope of 1.5:1 (approximately
330). Appended to this may be other infor-
mation relating to the particular character-
istics of soil horizons, either developed or
depositional, which influence the stability
of deep cuts. These estimates are based
primarily on the authors' general experiences
and may well be modified by persons having
more experience in a particular locality.
E. CONSTRUCTION PROBLEMS
In addition to design and construction
information discussed in the preceding sec-
tion, the data sheets in Appendix A contain
for each soil type a brief notation regarding
the kinds of construction problems which may
be anticipated. These are enumerated speci-
fically under the headings seepage, excava-
tion, compaction, erosion, and special
recommendations. In addition, three
notations rate the soil type as a source of
construction material for general borrow,
granular material, and topsoil. While all of
these notations must be considered qualita-
tive in nature, they are based on the data
regarding texture, plasticity, and moisture-
density relationships of the soil horizons in
combination with considerations of the topo-
graphic position, drainage characteristics,
and the organic content of the A horizon
of the soil type. Both engineers and con-
tractors should find this information useful
in planning construction and during con-
struction.
Some of the most important soil engi-
neering problems in Livingston County will
be related to one of the following features:
natural stratification of the deposits.near
the surface, soils in depressional areas,
soils on steep slopes, and strength or com-
pressibility of soil materials.
1. Stratification of Deposits
Geologic studies of northeastern Illi-
nois indicate that in a high percentage of
the area several successive layers of glacial
and post-glacial deposits overlie bedrock.
This stratification of different types of
materials may be exposed even in relatively
shallow cuts.
Figure 5 shows that approximately two-
thirds of the area of Livingston County is
covered by loess which varies in thickness
from less than 2 feet to more than 5 feet.
Where the loessial material is thinner than
about 3 feet it has generally been incorpor-
ated into the solum and it is often impossible
to distinguish it from material which has been
weathered from the underlying drift. On the
other hand, where the loess is more than 3 to
4 feet thick, the lower portion often retains
some of the typical characteristics of wind-
blown silt deposits and differs 'considerably
in texture and plasticity from underlying
glacial materials such as till or outwash.
Where loess overlies glacial till, seepage
often occurs at the base of the loess in cuts
which expose this contact. Such seepage
usually causes sloughing of the upper part of
the slopes and it may be desirable to design
the slope in such a manner as to reduce the
likelihood of this occurrence. Where loess
overlies relatively impermeable till, the
water table is often perched above the till
surface. This may provide excessive moisture
to the loessial stratum and accentuate the
problem of detrimental frost action due to
the high frost susceptibility of wind-blown
silt. A perched water table may also be of
some concern when excavations are made close
to the till surface, particularly in the
spring or early summer. The lower part of
the loessial stratum may become extremely
soft under the action of heavy construction
traffic and be completely impassable. If
highway subgrades are established on such
materials before adequate drainage is pro-
vided, irregular surfaces and relatively rapid
deterioration of pavements may be expected.
Where loess overlies granular outwash mate-
rials this problem should not be as serious,
since internal drainage through outwash should
be relatively good. Sometimes, however, if
the upper layer of outwash material contains
fine-grained silts or clays, then conditions
will be similar to those described above.
Many outwash areas occupy low topographic
positions and water tables may be high in
spite of relatively good internal drainage.
Here again, the problems of construction
during rainy seasons may be difficult to
overcome, although drainage should be more
readily accomplished in these areas.
Without detailed field exploration to
depths greater than those usually attained in
this sampling program it is impossible to
determine the thickness of outwash deposits.
It is quite probable that in many of the
areas designated as outwash in Figure 5 rela-
tively shallow cuts will encounter underlying
till. Generally, outwash strata will be
thickest near the front (south and west) of
the moraines with which they are associated
and also in or near the valleys which func-
tioned as glacial drainageways during the
retreat of the ice. It is also in these
locations that one would anticipate finding
the highest percentage of gravel in outwash
deposits. At locations some distance in front
of morainic ridges it may be expected that the
outwash material will be composed predomi-
nantly of fine sands grading to silts. Since
all outwash materials are stratified, only by
detailed exploration can the average character-
istics of each deposit be determined. Where
road cuts expose the contact between outwash
and underlying till seepage may be expected.
As a rule, however, this does not present as
serious a problem as does the loess-till con-
tact because of the greater natural stability
of granular outwash and underlying compact
till.
At the present time no detailed infor-
mation is available regarding the thickness
of surface till sheets in Livingston County.
Moderately deep cuts in certain areas may
penetrate underlying tills of significantly
different character. It is possible that
strata of water-deposited materials, especially
silts and fine sands occasionally intermixed
with organic materials, may occur at contacts
between tills. Such strata often cause
instability in cut slopes, since they
generally are a source of seepage which may
induce sloughing of the upper slopes. Even
the best boring program sometimes fails to
disclose the presence of these contacts and
it may not be until the cuts are open that
their significance is recognized,
As shown in Figure 4, there is a possi-
bility of encountering bedrock within 10 feet
of the surface over a fairly large area of
Livingston County. It is not possible at the
present time to provide greater detail with
respect to the bedrock contours. Careful
exploration should be carried on anywhere
within the areas enclosed by the solid or
dotted lines shown on the map in order to
determine the relative position of the bed-
rock surface wherever cuts or excavations are
anticipated. There is practically no infor-
mation available with regard to local varia-
tions in the contact between the drift and
the underlying limestone. In other parts of
Illinois, it is known that this contact may
be extremely irregular and may vary vertically
as much as 50 feet within horizontal distances
of 200 feet or less. No reasonable program
of soil exploration can hope to provide all
of the detail necessary to delineate the
drift-rock contact. Sufficient borings should
be made to establish the general nature of
the bedrock surface in order to avoid exces-
sive costs of bedrock excavation where none
was anticipated. Only by obtaining rock
cores to a depth of at least 5 and preferably
10 feet can it be established whether the
bedrock surface has been encountered, or
whether an isolated slab or boulder has
caused refusal of the soil boring equipment.
Geophysical methods of exploration, when used
in combination with a well-planned boring
program, should be useful and economical if
excavations are planned for a considerable
area. Where the drift-bedrock contact is
exposed in cuts, seepage may be expected not
only at the surface of bedrock, but also
through joints and cracks which are common in
nearly all sedimentary strata. Especially in
those cases where outwash material overlies
bedrock, excessive seepage must be anticipated
and necessary provisions should be made to
handle water which may accumulate in the
cuts.
2. Depressional Soils
Many of the most serious problems
associated with engineering construction in
surficial soils are encountered in the depres-
sional areas where Humic-Gley soils occur,
These soils generally have a very high water
table in the spring of the year, organic
surface horizons extending to depths of 18
to 20 inches or more, and occupy positions
where surface water cannot be easily diverted.
An analysis of the characteristics of these
soils in central Illinois has been reported
in a recent publication. 7 )  Because of
their high moisture and organic contents,
these soils are relatively compressible and
are easily worked into an impassable condi-
tion by the passage of heavy construction
traffic. It has been found impossible to
strip topsoil to moderate depths of 6 to 8
inches during rainy seasons of the year.
It is generally recommended that no attempt
be made to strip topsoil unless 18 inches or
more can be removed and replaced with more
suitable materials. It is usually more
economical to build fills of four to five
feet over such soils and allow consolidation
to take place before the pavement is com-
pleted. Experience has indicated that even
though rigid pavements are built, if they are
at grade or on shallow fills of one to two
feet, deterioration of the pavement takes
place at a relatively rapid rate under
modern highway loadings. Depressional areas
can be readily delineated on the Livingston
County Soil Map, especially when used in
conjunction with topographic maps. Detailed
soil surveys indicate the thickness of the
organic surface as well as the variability
of underlying substrata. Smaller areas not
shown on the soil map can usual'ly be
delineated on aerial photographs because of
their very dark color. Both contractors and
engineers should be aware of the problems
associated with these depressional areas and
be prepared to handle them in the most econom-
ical way possible.
3. Steep Slopes
Soils which occur on natural slopes of
ten per cent or more in Livingston County
may vary in texture from loam to clay and in
AASHO classification from A-4 to A-7-6.
Cuts are nearly always required in such areas
in order to provide proper vertical highway
alignments. Both natural and artificial
slopes are difficult to stabilize because of
the character of the materials. Where the
soils are loamy in texture, they often con-
tain pockets of silt and fine sand which
slough easily and cause rapid deterioration
of cut slopes. Vegetation may be difficult
to establish. Where fine-textured tills are
exposed on such slopes, silt and sand inclu-
sions are less common, but the material often
exists at moisture contents well above opti-
mum, making excavation difficult. Special
problems of drying and compaction must be
overcome if the material is to be placed
satisfactorily in adjacent fills. Soil
exploration should always be carried at
least to the full depth of expected cuts in
order to obtain information on the types of
subgrade materials which may be exposed when
the cut is open. During construction,
especially in the rainy seasons of the year,
care should always be taken to proceed with
the excavation in such a manner as to pro-
vide proper drainage away from the deepest
part of the cut.
4. Strength and Compressibility of Drift
At the present time, only meager data
are available regarding the characteristics
of Livingston County soil deposits as
foundation materials. Indications are that
the glacial tills commonly encountered within
depths of seven to twenty feet generally have
unconfined compressive strengths in excess of
two tons per square foot. Such materials may
be considered as relatively incompressible
when subjected to the loads usually exerted
by one-or two-story structures. On the other
hand, unconfined compressive strengths of one
ton per square foot or less are not rare.
They are much more common at depths less than
seven feet. The bearing capacity and com-
pressibility of outwash and alluvial materials
are almost impossible to predict under any
circumstances. It is apparent that a careful
soil exploration should be conducted for all
but the most modest structures. Adequate
exploratory programs should invariably include
the procurement of undisturbed samples which
can be tested for determination of their shear
strength and/or consolidation characteristics.
F. SUMMARY AND CONCLUSIONS
The investigation described in this
report has revealed that there are signifi-
cant correlations between soil types deline-
ated by the pedologic soil survey of Living-
ston County and the engineering and physical
properties of the soil profiles sampled in
each type. Of particular importance to the
engineer is the fact that agricultural soil
surveyors delineate areas within which the
surficial soils are relatively uniform in
their physical properties. The data also
indicate, however, that some soil types are
more variable than others. Furthermore, the
degree of variation within a given soil type
appears to vary depending upon the particular
physical property which is being measured.
Nevertheless, the soil units are sufficiently
uniform so that, on the basis of statistical
analysis of test data obtained from a random
sampling program, statistically significant
differences are revealed between samples ob-
tained from the different units. Thus, the
data summarized in Appendices A and B are of
particular value, for they not only show the
average characteristics of each soil map unit,
but they also indicate the range in variations
which may normally be expected to occur.
It is not only possible to show statis-
tical differences between parent materials,
but it has also been demonstrated that the
surface horizons developed on a given parent
material through the processes of weathering
differ depending upon the natural environ-
mental conditions which have prevailed. Thus,
it appears that while under some circumstances
it may be advisable to group soils for engi-
neering purposes on the basis of parent mate-
rials from which they are derived, in other
instances information concerning the soil
type is of greatest value.
It has been demonstrated how accumulated
data can be used in programs of preliminary
highway planning, reconnaissance surveys,
and detailed soil surveys. From a knowledge
of the average physical properties and pro-
file characteristics, it is possible to
characterize each soil map unit with respect
to certain inherent properties which are
important in design, construction, and
maintenance of highways and other engineering
structures. Although this characterization
is partly qualitative, it should nevertheless
be extremely useful to both engineers and
contractors who deal with the soils of
Livingston County and surrounding counties
having similar soil conditions.
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STABILIZATION SERVICE, USDA, PHOTO V-2N-182, 7-14-54)
SPONTIAC
"" ^  "a/c
IR 41.
Mapped by George E. Ekbl
Illinois State Geologica
I--
S
/ VP 4
aw
1 Survey
L
4 C-
LA * K E
F ES
-- A--iJ-EPS---
z -WA VP 0N S.Et ;- 1
~-&~ 'y-;~
I.
W AT SE IKA
.-- - ATSO- -H
ICHATSWORT"
i -- -f
R'IE. Rt E Ra E.
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FIGURE 4. BEDROCK AT SHALLOW DEPTH IN LIVINGSTON COUNTY.
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FIGURE 5. PARENT MATERIAL AND SURFACE COLOR OF LIVINGSTON COUNTY SOILS
(CHARACTERISTICS OF SOILS ASSOCIATED WITH GLACIAL TILLS IN NORTHEASTERN
ILLINOIS,. BULLETIN 665, ILLINOIS AGRICULTURAL EXPERIMENT STATION) (29)
3 -
4 -
5 -
6 -
,+ 0 a 
-- Clarence
1 - -Swygert
Proctor-
i Bre on-
Huntsville Elliott
Muscatine
'- Saybrook
Ridgeville "o(a) Ten typical soils .
0 0 000 00 0 " O00 N <M( O OON C O O0 0 1-I 0 0Diameter, mm - o NNt c -- oo o o
S j 6 000 do od dO o o
SandAASHO Gravel Se nI Silt ClayCoarse I Fine SitCa
SandMIT Gravel coa- s M --e Silt Clay
__Coarse I Medium I Fine
SandUSDA Gravel Coarse Mediu Fine Very f. Silt Clay
______________________________ Coarse jMediumI Fine TVery f.
o o oo0 oo o 0 too 00 c(D 0 Q0 oo 0 0-IoO 0 0Diameter, mm - o0 oml" P M -- 000oo 0
S c dd 000 o o ooo d d
Ji_- _ ^ :-- : - Loess
No.66
No.9- - No.5
' . ^ No. 4
No. 3(b) Parent material groups
FIGURE 6. AVERAGE GRAIN SIZE CURVES, C HORIZON
Size Lim
Sand
Silt
Clay
0
PERCENT SiLT
FIGURE 7. AVERAGE TEXTURAL CLASSIFICATION, TEN TYPICAL SOILS, C HORIZON
0 ,nn
Material 9 - Alluvium
Material 7 - Sandy Loam Outwash
Material 8 - Medium Textured Outwash
S - Loe s
Material 3 - Loam Till
Material 4 - Siltv Clay Loam Till
Material 5 - Silty Clay Drift
Material 6 - Clay Drift
0 20 40 60 8
7
8
Loess
5
6
9 I
7 1
8
Loess
4
5
I L4(
I
'I'll
'liz
zz:~
'liii
zzz
""ID
) 1
No. 10 Sieve
]I
I '
ZIZ)
____  ____ __
______I
No. 200 Sieve
60
0.002 mm
Percent Finer
FIGURE 8. AVERAGE GRAIN SIZE
PARENT MATERIAL GROUPS, C
CHARACTERISTICS,
HORIZON
U0
-I
Maeia I - luvu
x I bu
_____I
100 1, I Muscatine I I
', •- luntsville
Elliott Swygert80 ---------------- -----
Proctor-
I f Clarence
R idgeville I'
40 Lisbon40 
--------- II-1111I-I------ 
-- -- r-
(O) Ten typical soils, A horizon
Brenton -
20 ------------------
MI0 000 0e 0 i00t Clayo OO oO o o oo O 0 0D o OooM mo o n o oDiameter, mm - o Ntns" - oo o o
Sand
, AASHO Gravel Silt Clay
.c _Coarse I Fine
Sand2 MIT Gravel . Silt Clay
u M Gravel Coarse I Medium I Fine
Sand
USDA Gravel Sand Silt Clay
_______________________ Coarse |Medium Fine IVery f. Silt
0 0 000 00 0 IT 00 0 0OD 0 O in 0 0 - (o00 0 0
Diameter, mm r,- w (Lor N - om o o0
100 3I .- . i tI Muscatine
I Lisbon
0 2 Brenton
Ridgeville Elliott80 -------------------------- -------
a y \iC la r e n c e
Proctor 
1 V I
60 ---- -- Pt--
20
Rid eville-
(b) Nine typical soils, B horizon
20 . - - - - _ -- - -- _ -- -- . - _ - _ _ -- - - - --- _ --- - _ ^« --
20 . - - - - - . - - - - - . - - - - - - - _ - - - - - - - -
FIGURE 9. AVERAGE GRAIN SIZE CURVES
00
0(N
- 0
0
C-4
N
0
0
0
4-
0
C
L0- -
U
L.
0-
00
0
0(N ---
0
0
1~
0
0)>
C,
0
CM0
00
O
-t
N
1~
0
--
(n
E
3
'O0
a
X0
1-,x
1-
E
-0
1*
3
0
E
m(U
0
>
-0
C-
mus0
E
-3
-
-
.-
9--
E(D
0
-J
(U
4-
*-,
4-1
4-
U,
t0
>V)
4-
j/>
4-
1..
>
0(
s
I-
E
u
o0
_i1
Ln
(U0C
-J.a
\- *^ rCl
L L. .. . L... --
M I a 5
h..... )* ...
i 7
-t
th
°_
L... L6.- ... 1..... -... 1. .. - I - a eg aa aa nI
w*
ieuJaleH luaJe d
.0
I.)
Liquid Limit
FIGURE 11. AVERAGE PLASTICITY VALUES, UNIFIED CLASSIFICATION, C HORIZON
LIQUID LIMIT
FIGURE 12. AVERAGE PLASTICITY VALUES, AASHO CLASSIFICATION, C HORIZON
w
a
z
C-)
l,-
Q
>-0I
0._
LIQUID LIMIT
FIGURE 13. AVERAGE PLASTICITY VALUES, AASHO CLASSIFICATION, A HORIZON
(a) Nine
(b) Parent
LIQUID LIMIT
FIGURE 14. AVERAGE PLASTICITY VALUES, AASHO CLASSIFICATION, B HORIZON
120
116
112
108
t 104
C
8)
"100
•120
E
E
2 116
112
108
104
1i n
A No. 8, Medium textured outwash
22 24
C HORIZON
® No. 3, Loom till
Loess
No,4, Silty clay loom till x
No. 5, Silty clay drift a
I I
No. 6, Clay drift v
10 12 14 16 18
Optimum water content, per cent
FIGURE 15. AVERAGE MOISTURE-DENSITY RELATIONS,
(a) Ten typical soils
Huntsville
+
Proctor Lisbon0o
Saybrook
Ridgeville "
* Muscatine
Brenton A
Elliott
Swygert ^
Clarence
(b) Parent material groups
No. 9, Alluvium
No. 7, Sandy loom outwash INo. 7, Sandy loom outwash a
8
NOTE: A-2 SOILS CONTAIN
LESS THAN 35% FINER THA
200 SIEVE.
Regosol
Gray Brown Podzollc
Planosol
Well Drained Brunizem
Mod. Well Drained Brunizem
imp. Drained Brunizem
Humic Gley
NOTE: A-2 SOILS CONTAIN
LESS THAN 35% FINER THAN
200 SIEVE.
Regosol
Gray Brown Podzolic
Planosol
Well Drained Brunizem
Mod. Well-Drained Brunizem
Imp. Drained Brunizem
Humic Gley
LIQUID LIMIT
FIGURE 16. AVERAGE PLASTICITY VALUES, AASHO CLASSIFICATION, GREAT SOIL GROUPS
L +
70
60
50
40
30
20
10
0
60
40
I0
20
O
NOTE: A-2 SOILS CONTAIN
LESS THAN 35% FINER THAN
200 SIEVE.
1. Miami - GB Podzolic
2. LaRose - WD Brunizem
3. Saybrook - MWD Brunizem
4. Lisbon - ID Brunizem
5. Drummer - Humic Gley
A-6
A-2-6
IA-A
A- -4
NOTE: A-2 SOILS CONTAIN
LESS THAN 35% FINER THAN
200 SIEVE.
1. Miami - GB Podzolic
2. LaRose - WO Brunizem
3. Saybrook- MWD Brunizem
4. Lisbon - ID Brunizem
5. Drummer - Humic Gley
0
FIGURE 17. AVERAGE
SOILS OF IMPORTANT
A
A-6
-2-(
)A-
A-
A -
4
-4
0)(
x
12]
C
V
x
0
V
v
~2 2
-. 2
I I I I
(a0) A horizon
A-71-6
- -- - -
-7
A
A-i
-7
A
A-7-5
A-5
2-5
(b) B horizon
-s
A-S
*- 5A-5
-2-5
. 4
-5
7
77
7
77
7
z
z
z
z
70
60
50
40
30
20
10
0
60
50
40
30
20
10
20 30 40 50 60 70 U0 0u 100
LIQUID LIMIT
AND 85 PERCENTILE RANGE OF PLASTICITY VALUES OF REPRESENTATIVE
GREAT SOIL GROUPS DEVELOPED ON LOAM TILL, AASHO CLASSIFICATION
--
3L
In w
LU u
00 -J i-.. H
< N.
LU
z
Z
S CU
.:r L)
<
UH
at
LJ
-i n
0
z
.'<
-z
-j
LC
- z
LUZ
51
ru
0
,--t
p
0
4X
OH0 '.1
00
0*
NO
o
Or-
(g 3
!
0 ^
-U 1
NO
4ON*
NO r
0W LA
&0
V
No
-CO
NN4
1-1Cl,
< ( f
0
LL
-- r
z
0
-J
r
NH S
M
N >'> 'O
H -0 N
NH0O  H
0 0
O HI e-1 1
'H HM H
00 *l
0 0 H
HO#
O0 'H
* 0 H
0O 0
0 .-l H
1O H
LU
0
0
LU 0
50
0>-
CA)
25<
z
z
0.-
tL UJ
0
N H
0
ON
WHO
0 0
SH
O *H
H N"'
tM P
HO
HH H
*-1 0
e F-e
N Of
S0 *H
CON
OH (0
n) N
I 01Z
O 0'-.
CL0-
0-
00
LU
z
*0 00<
>4
'0
0
0 (0O N
.H to F
O M N
NH 0
1 41 9.
(0 .-- 00 'H 0
>Co
H NH
H 'H N N
H NH1 0
*d t .O h
*0 N 0&op g o +I Hf E
O N 0 ""
<
ci <<e0<(
'-
Z
0N
to
*H
N
0
0
NOH
OH H
*N0 'H<
,--I .1-1 '
*P
HO*FI M (
tO O *H-
: 0 0 *
&- H
CN i0 f0
I <4 Z
0~ 0-
z
Z
.-
Z
.41
H
*rt.
e I
0
0 H
H
g o -
CH U
CO
+H -
0 H S
N H
I N
O OE
NOV o-
LU
a LJ
CZ
0
00<
LU
>41
M '4
rH 40
C 4H
NN (a0
-1 '
H 'H
*PI .*-
NO
'0
5 >4
CNN(
I H
C0
0:
0<
M >
LU
>4
N0ff)
00
1 -1
O 'H**
HO
0 I
eM
to *i
N H
04 PH
r 40
z
- >
H41'
C"
'0 H
N '0 r-
'OH4
<U *f
6 0 -
O N
N0 EX
L'-/
N
0
N
H
N
H
0
0
N
LU
HO0
0
0
NV
0,0
H
HO
H O
"-4 HP
M W
0
0 (3OC O
0'H
0
41
N-"H
O
.0 'H
0
A .,
'OND
1
X m
*H Zx m
a,"
v
z 0
\-n
0 "-
z 0
o I-
.1" o-
CS Z 0 ^
0 -
0-
cch ^U
H
'a M
0
' N
OH
*H
H 3 * b
H r-
O CM
NO H
<
N OH 0
o ,- o ,-
0Q'
>,N * H - *
N H0 - 0
4 H b/H
S . M .M
0 0 N- 0
090
H0 0 0
XO .r- 0-1 4
S 0 N
OH H
OH4 HH
N H
(U H HU >
I I I
L-
TABLE 2.
GROUPING OF SOIL TYPES USED TO DETERMINE
AVERAGE CHARACTERISTICS OF PARENT MATERIALS
LOESS (over 5 feet thick) - 15 sites
36. Tama silt loam
41. Muscatine silt loam
68. Sable silty clay loam (Sable silty clay)
LOAM TO SILT LOAM (PERMEABLE) TILL - Parent Material 3 - 40 sites
24. Miami silt loam
25. Hennepin loam (Hennepin gravelly loam, eroded)
59. Lisbon silt loam
60. LaRose silt loam
67. Harpster silty clay loam (Harpster clay loam)
145. Saybrook silt loam
152. Drummer silty clay loam (Drummer clay loam)
154. Flanagan silt loam
SILTY CLAY LOAM (SLOWLY PERMEABLE) TILL - Parent Material 4 - 20 sites
23. Blount silt loam
146. Elliott silt loam
223. Varna silt loam
232. Ashkum silty clay loam (Elliott clay loam to silty clay loam)
SILTY CLAY DRIFT (VERY SLOWLY PERMEABLE TILL) - Parent Material 5 - 30 sites
91. Swygert silt loam to silty clay loam (Elliott silt loam,
plastic till phase)
228. Eylar silt loam
229. Monee silt loam
235. Bryce silty clay loam to silty clay (Elliott clay loam to silty
clay loam, plastic till phase)
238. Rantoul silty clay (Drummer clay)
241. Chatsworth silty clay to clay (231. Clarence silt loam,
rolling phase)
CLAY DRIFT (VERY SLOWLY PERMEABLE TILL) - Parent Material 6 - 10 sites
147. Clarence silt loam
230. Rowe silty clay loam to silty clay (Clarence clay loam to
silty clay loam)
SANDY SEDIMENTS - Parent Material 7 - 14 sites
150. Onarga sandy loam
156. Ridgeville sandy loam
157. Rankin sandy loam
MEDIUM-TEXTURED GLACIAL OUTWASH - Parent Material 8 - 36 sites
80. Alexis silt loam (Alexis silt loam, terrace)
81. Littleton silt loam, terrace
134. Camden silt loam (Camden silt loam, terrace)
148. Proctor silt loam
149. Brenton silt loam
158. (Vance silt loam)
159. Pilot silt loam
206. Thorp silt loam
RECENT ALLUVIUM (BOTTOMLAND SOILS) - Parent Material 9 - 5 sites
73. Huntsville loam, bottom
TABLE 3.
CORRELATIONS BETWEEN PLASTICITY, USDA TEXTURAL CLASS, AASHO CLASSIFICATION, AND
CLAY CONTENT OF C HORIZON MATERIALS BY SOIL TYPE AND PARENT MATERIAL
Plasticity Soil Type or USDA Textural AASHO Clay Content
Index Parent Materials Class Classification (< 2p)
NP-10 Ridgeville Sandy loam A-4 0-20
Huntsville Sandy loam A-2-4
Proctor Sandy loam
PM 7
PM 9
11-20 Lisbon Loam A-6 21-40
Muscatine Silt loam
Saybrook Silty clay loam
Brenton Clay loam
Elliott Silty clay loam
PM 8
PM 3
Loess
PM 4
21-30 Swygert Silty clay A-7-6 41-50
PM 5
over 30 Clarence Clay A-7-6 over 50
PM 6
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TABLE 5.
SUMMARY OF SIGNIFICANT DIFFERENCES BETWEEN PARENT MATERIALS.
7 8
10*
40
200*
Loess
Based on Average
C Horizon Values
Legend
Per cent passing No. 10 sieve
Per cent passing No. 40 sieve
Per cent passing No. 200 sieve
Per cent clay < 2,1
Liquid Limit
Plasticity Index
Maximum Dry Density
Optimum water content
Significant at the 10% level and all
others significant at the 5% level
9 3 4 6
LL
PI
C 0
Parent
Material
Loess
5
LL
40* PI
C
C----------~"
TABLE 6.
GROUPING OF SOIL TYPES USED TO DETERMINE
AVERAGE CHARACTERISTICS OF GREAT SOIL GROUPS
REGOSOL
25. Hennepin loam (Hennepin gravelly loam, eroded)
241. Chatsworth silty clay to clay (231, Clarence silt loam,
rolling phase)
GRAY-BROWN PODZOLIC
23. Blount silt loam
24. Miami silt loam
134. Camden silt loam (Camden silt loam, terrace)
158. (Vance silt loam)
228. Eylar silt loam
PLANOSOL
206. Thorp silt loam
229. Monee silt loam
ALLUVIAL
73. Huntsville loam, bottom
WELL-DRAINED BRUNIZEM
60. LaRose silt loam
80. Alexis silt loam (Alexis silt loam, terrace)
MODERATELY WELL-DRAINED BRUNIZEM
36. Tama silt loam
40. Dodgeville silt loam
145. Saybrook silt loam
148. Proctor silt loam
159. Pilot silt loam
223. Varna silt loam
IMPERFECTLY-DRAINED BRUNIZEM
41. Muscatine silt loam
59. Lisbon silt loam
81. Littleton silt loam, terrace
91. Swygert silt loam to silty clay loam (Elliott silt loam,
plastic till phase)
146. Elliott silt loam
147. Clarence silt loam
149. Brenton silt loam
154. Flanagan silt loam
HUMIC-GLEY
67. Harpster silty clay loam (Harpster clay loam)
68. Sable silty clay loam (Sable silty clay)
152. Drummer silty clay loam (Drummer clay loam)
230. Rowe silty clay loam to silty clay (Clarence clay loam to silty
clay loam)
232, Ashkum silty clay loam (Elliott clay loam to silty clay loam)
235. Bryce silty clay loam to silty clay (Elliott clay loam to silty
clay loam, plastic till phase)
238. Rantoul silty clay (Drummer clay)
TABLE 7.
ATTERBERG LIMITS AND PER CENT CLAY, IMPORTANT GREAT SOIL GROUPS,
AVERAGE AND 85 PERCENTILE VALUES, A AND B HORIZONS
Great Soil Group A Horizon B Horizon
LL PI < 21 LL PI < 2i
Gray-Brown Podzolic 36 12 24 38 20 34
21-48 2-22 8-40 21-36 6-33 18-49
Well-Drained Brunizem 40 16 24 37 18 31
32-47 12-20 18-30 26-49 9-27 19-42
Moderately Well-Drained 44 17 29 43 20 30
Brunizem 33-55 9-26 16-42 32-54 10-30 20-47
Imperfectly-Drained 46 19 30 47 25 41
Brunizem 37-55 13-25 23-37 38-56 16-33 29-52
Humic-Gley 54 26 38 47 26 40
43-64 17-34 28-48 34-60 16-36 28-53
TABLE 8.
ATTERBERG LIMITS AND PER CENT CLAY, REPRESENTATIVE TYPES OF IMPORTANT
GREAT SOIL GROUPS DEVELOPED ON LOAM TILL, PARENT MATERIAL 3, AVERAGE
AND 85 PERCENTILE VALUES, A AND B HORIZONS
Soil Series A Horizon B Horizon
LL PI < 2p LL PI < 21
Miami 37 13 24 41 21 37
30-44 4-22 3-44 29-52 10-32 23-52
LaRose 39 15 22 38 19 33
37-41 13-17 20-24 30-47 12-25 27-39
Saybrook 44 19 28 41 20 35
38-50 14-24 20-36 31-52 12-29 23-47
Lisbon 46 21 29 49 26 41
40-53 13-28 22-37 40-58 18-34 37-46
Drummer 49 23 34 43 23 34
40-59 14-31 24-44 33-53 16-29 24-44
TABLE 9.
PROGRAM FOR DETAILED ENGINEERING SOIL SURVEY BASED ON
STATISTICAL DATA, ALIGNMENT SHOWN IN FIGURES 1 AND 2, METHOD 1
Soil Type Parent Length Samples Sampling No. of
Material 1000 ft. Required Factor Borings()
No. L N(l) LxN(2)
148 Proctor silt loam 8 .88 11 9.68 5
149 Brenton silt loam 8 .96 3 2.88 2
152 Drummer silty clay loam 8 .24 23 5.52 4
145 Saybrook silt loam 3 .64 2 1.28 2
60 LaRose silt loam 3 .80 6 4.80 3
103 Houghton muck 8 (.64) - - -
60 LaRose silt loam 3 1.10 6 6.60 4
103 Houghton muck 8 (.32) - - -
145 Saybrook silt loam 3 .40 2 0.80 1
103 Houghton muck 8 (2.50) - -
152 Drummer silty clay loam 8 .80 23 18.40 9
148 Proctor silt loam 8 1.04 11 11.44 6
152 Drummer silty clay loam 8 2.04 23 46.90 22
223 Varna silt loam 5 .96 15 14,40 8
Sub Total (Exclusive of 103) 9.86 125 122.7 66
Sub Total (103) 3.46 - -
Total 13.32 122.7 66
(1) The maximum of LL or PI, C Horizon.
Length in thousands of feet (L) times
Based on prorated number of 55 plus I
Samples prorated on basis of sampling
number of samples required (N).
per area exclusive of No. 103.
factor.
TABLE 10.
PROGRAM FOR DETAILED ENGINEERING SOIL SURVEY BASED ON STATISTICAL
DATA, ALIGNMENT SHOWN IN FIGURES 1 AND 2, METHOD 2
Soil Type Parent No. Samples Required'' No. of Borings
Material
No. LL P1 Pass 200 < 2p Method 2 Method 1
60 LaRose silt 3 6 6 15 2 6 7
loam
103 Houghton muck 8 - - - -
145 Saybrook silt 3 2 2 36 8 8 3
loam
148 Proctor silt 8 11 10 180 32 32 11
loam
149 Brenton silt 8 3 1. 80 19 19 2
loam
152 Drummer silty 8 23 16 39 37 37 35
clay loam
223 Varna silt loam 5 15 13 3 5 13 T 8
Total (Exclusive of Type 103) 115 66
(*) C Horizon material




VI. APPENDICES
A. APPENDIX 1
1. Alphabetical Index to Soil Types
Alexis Silt Loam
Ashkum Silty Clay Loam (Elliott
Clay Loam to Silty Clay Loam)
Blount Silt Loam
Brenton Silt Loam
Bryce Clay Loam to Clay (Elliott
Clay Loam to Silty Clay Loam,
Plastic Till Phase)
Camden Silt Loam
Chatsworth Silty Clay to Clay
(231, Clarence Silt Loam, Rolling
Phase)
Clarence Clay Loam to Silty Clay
Loam (Rowe Clay Loam to Clay)
Clarence Silt Loam
Clarence Silt Loam, Rolling
Phase (Chatsworth Silty Clay to
Clay)
Dodgeville Silt Loam
Drummer Clay (Rantoul Silty Clay)
Drummer Clay Loam (Silty Clay
Loam)
Elliott Clay Loam to Silty Clay
Loam (Ashkum Silty Clay Loam)
Elliott Clay Loam to Silty Clay
Loam, Plastic Till Phase (Bryce
Clay Loam to Clay)
Elliott Silt Loam
Elliott Silt Loam, Plastic Till
Phase (Swygert Silt Loam)
Eylar Silt Loam
Flanagan Silt Loam
Harpster Clay Loam (Silty Clay
Loam)
Hennepin Gravelly Loam (Loam)
Houghton Muck (Muck)
Huntsville Loam
LaRose Silt Loam
Lisbon Silt Loam
80 Littleton Silt Loam
Miami Silt Loam
232
Monee Silt Loam
Muck (Houghton Muck)
Muscatine Silt Loam
Onarga Sandy Loam
235 Pilot Silt Loam
134 Proctor Silt Loam
Rankin Sandy Loam
241 Rantoul Silty Clay (Drummer
Clay)
230 Ridgeville Sandy Loam
147 Rowe Clay Loam to Clay (Clarence
Clay Loam to Silty Clay Loam)
Sable Silty Clay (Silty Clay
241 Loam)
40 Saybrook Silt Loam
238 Swygert Silt Loam (Elliott Silt
Loam, Plastic Till Phase)
152 Tama Silt Loam
Thorp Silt Loam
232 Vance Silt Loam
Varna Silt Loam
2. Soil Types of Livingston County Data Sheets
(in numerical order by soil type number)
The following sheets contain information
on each of the principal soil types shown on
the Livingston County agricultural soil map.
The typical profile characteristics and the
pedologic and geologic classifications are
given first. The physical data for each
horizon represent the probable 85 percentile
ranges as determined from the statistical
analysis of the basic data. The design and
construction information represents qual ita-
tive interpretation based on the typical
physical properties and profile descriptions.
The test data summary lists the location,
depth, physical properties and engineering
classification of each sample tested.
Finally, the statistical data on each soil
horizon are summarized for the benefit of
those who may wish to perform additional
analyses.
23 BLOUNT SILT LOAM
Soil Association Area: F (4b)
Soil Group: Gray-Brown Podzolic
Parent Material: Thin loess, 0 to 2 ft, on silty
clay loam till
Topography: Gently to moderately rolling
1 to 5% slope
Surface Drainage: Medium
Internal Drainage: Slow
Horizon Descriptio
Yellowish gray
brownish gray
loam
grading to
Yellowish browi
silt loam beloi
5 to 7 in.
Yellowish brow
brownish yelloa
silty clay
Brownish yello
gray silty cla
loam with a Ii
gravel
Pedological Profile Description and Engineering Characteristics
LL PI 7max OMC % < % < % < % <
on No. No. No. No.
% % pcf % 4 10 40 200
to 31-36 8-14 - -- 98-100 95-100 89-100 78-99
silt
n
n to 31-54 10-34 98-110 16-21 99-100 97-100 91-100 75-100
* to 33-39 16-20 104-114 13-20 95-100 92-100 71-100 46-100
y
ttle
% Clay Classification
(< 2p)
AASHO Unified
22-27 A-4 CL
A-6 OL
24-44 A-7-6 CL
A-6 CH
24-50 A-6 CL
Design and Construction Information
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
moderate cuts and fills
0.5 to 1.5 ft
below 6 ft, fair drainage
medium to high susceptibility, F ; very high if silt pockets are exposed, F4
not common, temporary where cuts intersect silt pockets
usually not difficult above water table, below water table the material may
not break up readily; surface slippery when wet, bakes hard on drying
stable at 1.5 to 1; exposed silt pockets may slough where seepage occurs
not difficult if layers are of proper thickness and moisture content is
near optimum; heavy tamping rollers recommended
not a serious problem except for silt pockets which erode rapidly
generally good, some drying may be required to reduce moisture content to
optimum
no
generally poor
normal topsoil stripping of 6 to 8 in. recommended beneath low fills;
exercise care in breaking up embankment material before it dries to
hard lumps or is compacted in layers which exceed normal thickness;
cuts below water table become unstable under heavy construction
traffic
23 BLOUNT SILT LOAM
Test Data Summary
Sampling Location
and Slope
T25N, R6E, Sec 5,
NE 1/4, NW Cor
2%
T27N, R6E, Sec 25,
MW Cor
2%
T28N, R7E, Sec 32,
SE 1/4, ME 1/4, SE Cor
2%
R30N, R4E, Sec 32,
NW 1/4, NW 1/4, NE 1/4,
SE Cor, 1.5%
T28N, R4E, Sec 15,
NE 1/4, NW 1/4, North
Cent 3%
Sample Samp. LL PI 7d Opt.
and Depth w
Horizon In. % % pcf %
7 A 5-13 33 9 - -
7 8 17-29 54 32 98 20
7 C 31-43 34 16 110 17
37 A 3-12 34 13 - -
37 B 20-31 47 28 102 19
37 C 34-43 38 18 105 19
65 A 3-12 32 9 - -
65 8 14-26 34 12 109 16
65 C 31-41 37 17 106 19
104 A
104 B
104 C]
104 C 2
2-8 32
11-25 43
25-38 36
54-62 34
160 A 0-15 35 12 - -
160 B 15-31 36 15 106 17
160 C 31-47 34 19 113 13
Mechanical Analysis
Percent Finer
No. No. No. No. No.
I" 1/2" 4 10 40 60 200 50p 5p 2j,
100
100 99
99 99 98 97
Classification
AASHO USDA Unified
97 95 93 91 36 24 A-4(8) SIL
98 97 95 92 54 44 A-7-6(19) SIC
94 91 84 84 48 37 A-6(I0) SiCL
100 97 94 88 84 75 72 35 24 A-6(9) SiL
99 98 92 88 75 74 46 37 A-7-6(17) CL
99 97 94 92 88 88 60 43 A-6(II) SiC
100 96 96 92 91 40 26 A-4(8)
100 99 97 94 33 27 A-6(9)
99 98 95 94 89 87 67 47 A-6(ll)
100
100
99 98
100 99 98
88 33 22 A-4(8) SIL
88 L4 36 A-7-6(14) SiCL
75 41 34 A-6(12) CL
82 51 37 A-6(I0) SICL
100 97 95 90 88 34 26 A-6(9)
99 98 93 90 84 82 37 29 A-6(l0)
99 94 91 67 58 40 39 28 24 A-6(3)
SiL CL
SICL CL
SaCL SC
Summary of Statistical Data
Index No. of
Horizon Property SamplesTest d
LL
PI
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2u,
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2,p
LL
PI
oAx
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2,
No. of
Standard Coefficient Standard Limit of Samples
Mean Deviation of Variation Error Accuracy Required
33.2 1.6
10.7 2.1
99.4
98.6
94.8
88.2
24.6
42.7
22.1
103.7
18.5
99.5
98.9
96.2
87.9
34.4
35.9
18.0
109.1
16.6
98.0
96.2
88.2
75.6
37.0
24 MIAMI SILT LOAM
Soil Association Area: D (3b)
Soil Group: Gray-Brown Podzolic
Parent Material: Thin loess, 0 to 2 ft, on loam
to silt loam till
Topography: Gently rolling, I to 5% slope
Surface Drainage: Medium
Internal Drainage: Medium
Pedological Profile Description and
LL PI 
7
max OMC
Description
% % pcf %
Engineering Characteristics
%< %< %< %<
No. No. No. No.
4 10 40 200
% Clay Classification
(< 2g)
AASHO Unified
Brownish gray silt
loam
grading to
Yellowish gray to
yellowish brown silt
loam below 5 to 8 in.
Yellowish brown
silty clay loam to
clay loam
Yellowish brown to
gray loam to silt
loam with some
gravel
30-44 4-22 -- -- 99-100 98-100 94-98 75-95
29-52 10-32 99-112 16-21 99-100 96-100 91-100 73-100
28-40 12-22 108-114 14-19 96-100 92-100 83-99 51-100
3-44 A-6
A-4
A-7-6
23-52 A-7-6 CL
A-6 CH
19-51 A-6 CL
SC
Design and Construction Information
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
moderate cuts and fills
0.5 to 1.5 ft
below 6 ft, fair drainage
medium to high susceptibility, F3 ; very high if silt pockets are exposed, F4
a serious problem where silt or sand pockets are exposed in cuts
usually not difficult; when wet the surface is slippery and often soft
stable at 1.5 to 1; silt pockets slough rapidly where seepage occurs
not difficult at moisture contents near optimum; heavy tamping rollers
recommended
often serious on both cut and fill slopes unless protected; special
surface drainage installations may be required
generally good unless very silty; some drying may be required to reduce
moisture content to optimum
no
generally poor
normal topsoil stripping of 6 to 8 in. recommended beneath low fills;
exercise care in breaking up embankment material before it dries to
hard lumps; surfaces of uncompleted fills absorb rain readily and
should be scarified, partially dried, and recompacted before addi-
tional fill is placed; in cuts good surface drainage should be
provided since excess water in the C horizon material causes
instability under heavy construction traffic
Hor i zon
u-
10-
20-
S30-
a.
-
640-
-c
50-
-
m
uu
24 MIAMI SILT LOAM
Test Data Summary
Sampling Location
and Slope
T26N, R6E, Sec 15,
NW 1/4, SW 1/4, NE Cor
3.5%
T27N, R6E, Sec 36,
SE 1/4, SE 1/4, SW Cor
2%
T27N, R6E, Sec 36,
NW 1/4, NW 1/4, NW 1/4,
SW Cor, 2%
T26N, R8E, Sec 28,
SW 1/4, NW Cor
4%
T26N, R8E, Sec 28,
NW 1/4, SW 1/4, NW Cor
1%
Sample Samp. LL PI Yd Opt.
and Depth w
Horizon in. % % pcf %
16 A 5-12 33 9 - -
16 8 15-32 41 22 103 21
16 C 34-45 35 17 110 17
34 A
34 B2
34 63
34 C
61 A
61 B
61 C
170 A*
170 8
170 C
171 A
171 B1
171 B2
171 C
4-16
19-30
31-35
39-49
4-13
16-26
26-33
1-12
15-30
31-43
2-11
13-21
21-38
50-61
Mechanical Analysis
Percent Finer
No. No. No. No. No.
1" 1/2" 4 10 40 60 200 50p 5* 2.±
Classification
AASHO USDA Unified
100 96 91 84 82 30 18 A-4(8) SiL
100 99 97 94 90 90 53 40 A-7-6(13) SIC
99 99 98 96 93 91 86 85 48 35 A-6(I1) SICL
100
99 96
99 92 85
99 97 94
33 9 - -
28 II 112 16
28 12 109 16
23 - -
16 108 19
20 110 18
84 31 18
72 41 35
50 32 30
71 42 29
A-6(8)
A-7-60(7)
A-7-6(l1)
A-6(10)
100 99 94 88 75 72 27 17 A-4(8)
100 99 94 86 79 71 31 22 A-6(8)
100 93 84 69 47 47 25 21 A-6(3)
99 98
100 99
99 99 99
100
100
100
99 99
SIL CL
L CL
SaCL SC
95 93 88 88 64 49 A-7-6(14) C
97 95 92 92 69 50 A-6(10) SIC
96 95 92 91 67 50 A-6(12) SIC
90 28 17
92 36 24
94 46 38
87 54 41
A-6(9) SiL
A-6(8) SIL
A-7-6(16) SICL
A-6(12) SIC
* This site does not represent typical Miami, it is too fine-grained.
Summary of Statistical Data
No. of
Indet SamplesHorizon Property Tested
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
%< 21,
LL
PI
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2P
LL
PI
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p
Standard Coefficient Standard Limit of SamNo. oles
Mean Deviation of Variation Error Accuracy Required
36.7 4.9
12.9 5.9
99.8
99.2
95.6
85.1
23.7
40.6
20.7
105.4
18.8
99.8
98.7
95.6
86.6
37.2
34.0
16.7
110.9
16.4
98.5
96.2
91.1
77.3
35.1
25 HENNEPIN LOAM
Soil Association Area: D, I (3b)
Soil Group: Regosol
Parent Material: Loam to silt loam till
Topography: Steep, usually more than 15% slope
Surface Drainage: Rapid
Internal Drainage: Medium
Pedological Profile Description and Engineering Characteristics
LL PI 7max OMC % < % < % < % <
Horizon Description No. No. No. No.
% % pcf % 4 10 40 200
% Clay Classification
(< 2V)
AASHO Unified
Brownish gray to
yellowish gray loam
to gravelly loam
(often absent due to
erosion)
24-48 5-22
Yellowish gray to 21-50 4-28
brownish yellow clay
loam to gravelly
clay loam (sometimes
absent due to
erosion)
Yellowish gray to
brownish yellow
loam to silt loam
with gravel
-- -- 95-100 88-100 73-100 35-100
94-122 13-22 93-100 87-100 68-100 39-96
10-39 A-6
A-7-6
A-4
CL
SM-SC
OL
SM
12-43 A-6 CL
A-7-6 SC
A-4
19-48 NP-26 99-121 9-21 94-100 88-100 76-100 30-100 5-49 A-6 CL
or NP A-4 SC
A-7-6
Design and Construction Information
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
moderate to deep cuts and fills
0.5 to 1.0 ft
below 6 ft, good drainage
medium to high susceptibility, F3 ; occasionally very high, F4
a serious problem if strata or pockets of silt or sand are exposed
usually not difficult; when wet the surface is slippery and often soft
usually stable at 1.5 to 1; silt pockets slough rapidly where seepage occurs
not difficult at moisture contents near optimum; heavy tamping rollers
recommended
often serious on both cut and fill slopes unless protected; special
surface drainage installations may be required
generally good unless very silty
no
generally poor
exercise care in breaking up embankment material before it dries to hard
lumps; at high water contents very unstable under heavy construction
traffic; soil material absorbs rain readily and should be scarified,
partially dried and recompacted prior to placing subbase or more fill;
drainage should be provided to prevent water standing on surface of
cuts or fills
U -
0-
20-
.c
S40-c
50-
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25 HENNEPIN LOAM
Test Data Summary
Sampling Location
and Slope
Sample Samp. LL PI 
7
d Opt.
and Depth w
Horizon in. % % pcf %
Mechanical Analysis
Percent Finer
No. No. No. No. No.
I " 1/2" 4 10 40 60 200 50p 51 2p
Classification
AASHO USDA Unified
T25N, R8E, Sec 6,
SW 1/4, NE 1/4, 0.1 mile
S on E Line, 10%
T27N, R6E, Sec 3,
SW 1/4, SW 1/4 0.2 mile
S of NW Cor, 14%
T30N, R4E, Sec 30,
NE 1/4, SE 1/4, NW Cor
20%
T30N, R3E, Sec 13, 107
SE 1/4, SE 1/4, West Cent 107
15% 107
28 A 2-7
28 B 9-22
28 C 23-34
24 5 - -
25 8 111 14
24 8 116 II
42 A 4-10 41 14
42 B 14-24 49 28
42 C 24-33 45 24
106 A 0-13
106 B 13-22
106 C 22-34
97 21
99 19
30 13 - -
27 10 120 15
NP NP 114 13
A 2-10 42 21 - -
B 12-25 41 21 105 19
C 30-39 38 19 105 20
100 99 96 83 44 40 18 13 A-4(2)
100 99 94 83 52 50 26 20 A-4(3)
99 94 88 79 66 41 36 19 16 A-4(I)
SaL SM-SC
L CL
SaL SC
100 99 97 95 88 88 44 31 A-7-6(lo) SiCL
100 98 96 91 90 54 42 A-7-6(17) SiC
100 99 99 98 97 90 88 60 44 A-7-6(15) SiC
100 98 97 91 85 65 63 33 26 A-6(7)
98 96 94 91 82 78 69 65 30 23 A-4(7)
100 99 98 89 56 17 12 A-4(8)
100 99 93 89 44 37 A-7-6(13) SiCL
99 98 97 95 81 78 41 35 A-7-6(13) CL
100 99 98 96 88 88 55 43 A-6(12) Sic
T29N, R4E, Sec 22,
SW 1/4, NW 1/4, NE Cor
10%
133 A 0-12 42 15 - -
133 B 12-25 36 13 - -
133 C 25-38 26 8 115 13
100 95 86 69
99 94 87 66
100 96 92 81
58 47 44 21 16 A-7-6(4) L SM
54 44 42 22 17 A-6(3) L SC
62 39 38 23 19 A-4(l) SaCL SC
Summary of Statistical Data
Horizon ndex No. of
Horizon Property Samples
Tested
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < Nc. 200
% < 2g
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
%< 2p
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2u1
Mean Standard Coefficient Standard Limit 
of No. of
Deviation of Variation Error Accuracy Samples
Required
35.7
13.4
98.4
96.3
90.7
67.4
24.4
35.4
16.0
108.2
17.2
97.3
94.9
87.6
67.5
27.5
33.3
12.0
109.6
15.4
97.8
95.6
90.8
69.3
26.9
21
10
2
49
157
32
32
20
38
4
3
I
56
119
35
41
30
18
6
3
9
32
222
73
36 TAMA SILT LOAM
Soil Association Area: K
Soil Group: Brunizem
Parent Material: Loess, over 5 ft, on Wisconsinan
glacial drift
Topography: Moderately sloping, 3.5 to 7% slope
Surface Drainage: Medium
Internal Drainage: Medium
Pedological Profile Description and Engineering Characteristics
LL PI 
7
max OMC % < % < % < % <
Horizon Description No. No. No. No.
% % pcf % 4 10 40 200
Brown to light brown
silt loam
grading to
Yellowish brown silt
loam below 8 to
10 in.
Yellowish brown,
with or without
gray mottlings in
the lower part,
silty clay loam
Yellowish brown
silt loam
38-53 14-23 94-100 20-24 100
38-52 16-28 95-105 18-23 100
100 98-100 95-99
100 98-100 84-100
25-45 9-23 105-118 12-19 98-100 97-100 92-100 64-100
% Clay Classification
(< 2p)
AASHO Unified
31-32 A-7-6 CL
A-6 CH
OH
27-42 A-7-6 CL
A-6 CH
23-33 A-6 CL
A-7-6
A-4
Design and Construction Information
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
moderate cuts and fills
1.0 to 1.5 ft
below 6 ft, fair to good drainage
medium to high susceptibility, F3 ; sometimes very high, F4
to be expected at contact between loess and underlying glacial drift
easily made unless cuts extend below water table; when wet the surface
is slippery and usually very soft
nearly vertical in unweathered loess, 1.5 to I usually stable in drift;
deep cuts in loess may be benched; maintain ditches at the base of
slopes
may be difficult unless moisture content is closely controlled; large
shrinkage factor to be expected in loess; tamping, grid or pneumatic
rollers acceptable
usually serious on both cut and fill slopes until protected; special
surface drainage installations may be required
generally fair; underlying drift may vary
no
generally good
normal topsoil stripping of 6 to 8 in. recommended beneath low fills; at
high water contents very unstable under heavy construction traffic;
material absorbs water readily and after rains should be scarified,
partially dried and recompacted prfor to placing of subbase or more
fill; drainage should be provided to prevent water standing on
surface of cuts or fills
u-
10-
20-
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36 TAMA SILT LOAM
Test Data Summary
Sampling Location
and Slope
T30N, R3E, Sec 10,
SE 1/4, NE 1/4, NW Cor
5%
T30N, R3E, Sec 4,
NW 1/4, SW 1/4, NW Cor
6%
T30N, R3E, Sec 5,
NE 1/4, NE 1/4, SE Cor
5%
T3 N, R3E, Sec 6,
NE 1/4, NE 1/4, SE Cor
4%
T30N, R3E, Sec 5,
NW 1/4, SW 1/4, NW Cor
5%
Sample Samp. LL PI 7d Opt.
and Depth w
Horizon in. % % pcf %
110 A 4-18 38 14 - -
110 B 22-39 38 16 105 18
110 C 39-56 30 14 116 12
124 A 6-18 47 20 - -
124 B 18-35 49 27 96 19
124 C 37-48 36 16 108 18
125 A 3-17 45
125 B 20-35 44
125 C 35-54 27
125 D 56-74 21
126 A 6-19 45 20 98 22
126 B 19-33 46 22 100 22
126 C 35-55 42 20 110 16
127 A 0-18 51 22 95 23
127 B 22-35 49 24 99 22
127 C 35-53 42 21 106 18
Mechanical Analysis
Percent Finer
No. No. No. No. No.
I" 1/2" 4 10 40 60 200 50p 5p 2p
100
99 99
99 98 96
99 98 95 91 38 31 A-6(10)
97 93 82 75 33 26 A-6(10)
91 82 63 59 32 28 A-6(7)
Classification
AASHO USDA Unified
SiCL CL
L CL
CL CL
100 98 98 97 93 43 32 A-7-6(13) SiCL OL
100 99 9646 40 A-7-6(17) SiCL CL
100 99 99 97 96 34 30 A-6(10) SiCL CL
100
100
99 99 96
100 97 94 88
96 40 31
95 40 33
75 32 22
64 25 17
A-7-6(13) SiCL CL
A-7-6(13) SiCL CL
A-4(8) SiL CL
A-4(6) SiL CL-ML
100 99 99 96 40 32 A-7-6(13) SiCL CL
100 99 97 44 37 A-7-6(14) SiCL CL
100 99 95 35 31 A-7-6(12) SiCL CL
100 99 98 97 94 40 32 A-7-6(15) SiCL OH
100 99 99 98 96 44 38 A-7-6(15) SICL CL
100 99 99 98 96 39 30 A-7-6(13) SiCL CL
No. of
Horizon Index No. of
Horizon Property Testedam
LL
PI
oax
% < No.
% < No.
% < No.
% < No.
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2<
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2v
Summary of Statistical Data
Standard Coefficient
ean Deviation of Variation
Standard Limit of No. ofError Accuracy RSamples
Error Accuracy Required
45.2
18.9
97.4
21.9
100.0
100.0
99.1
97.1
31.5
45.1
21.8
100.3
20.4
99.9
99.9
99.2
95.3
34.6
35.2
16.3
111.2
15.8
99.4
98.9
97.1
87.1
28.0
% < 2,
40 DODGEVILLE SILT LOAM
Soil Association Area: U Topography: Gently to moderately rolling
I to 7 % slope
Soil Group: Brunizem Surface Drainage: Medium
Parent Material: Loess and glacial drift, Internal Drainage: Medium
1 to 3 ft, on limestone bedrock
Pedological Profile Description and Engineering Characteristics
LL PI 7max OMC % < % < % < % <
rizon Description No. No. No. No.
% % pcf % 4 10 40 200
Very dark brown to
brown silt loam
grading to
Brown to grayish
brown silt loam
below 6 to 8 in.
Brownish gray
mottled with
yellowish brown
silty clay loam
38-53 16-18 -- -- 100 99-100 95-98 68-96
% Clay Classification
(< 2p)
AASHO Unified
17-35 A-7-6
A-7-5
A-6
37-52 16-26 92-110 16-24 96-100 92-100 82-100 52-83 24-37 A-7-6 CL
A-6 CH
ML
D Limestone bedrock
Design and Construction Information
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
moderate cuts and fills
1.0 to 1.5 ft
below 6 ft; good drainage
medium to high susceptibility, F3
to be expected at contact between soil and rock and in rock joints and
cracks
easily made in soil; blasting probably necessary in rock
usually stable at 1.5 to I in soil; shallow cuts in rock nearly vertical
may be difficult unless moisture content is closely controlled; tamping,
grid or pneumatic rollers acceptable; rock not suitable unless crushed
would be serious except for shallow depth of soil
generally poor, only B horizon material available
yes, rock for crushing
generally good
normal topsoil stripping of 6 to 8 in.recommended beneath low fills;
at high water content very unstable under heavy construction
traffic; soil material absorbs water readily and after rains
should be scarified, partially dried and recompacted prior to
placing of subbase or more fill; variations in depth to rock-soil
contact may present difficulties in estimating amount of rock
excavation
Ho
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40 DODGEVILLE SILT LOAM
Test Data Summary
Sampling Location
and Slope
Sample Samp. LL PI 
7
d Opt.
and Depth w
Horizon in. % % pcf %
Mechanical Analysis
Percent Finer
No. No. No. No. No.
1" 1/2" 4 10 40 60 200 50p 51 24,
Classification
AASHO USDA Unified
T27N, R5E, Sec 14,
0.1 mile E, SW Cor
1%
T28N, R5E, Sec 35,
SE 1/4, 0.3 mile W,
SE Cor, 0.5%
T27N, R6E, Sec 30,
NW 1/4, NE Cor
0.5%
T28N, R5E, Sec 10,
SW 1/4, SW 1/4, 0.1 mile
S, NW Cor, 1%
T27N, R5E, Sec 12,
NE Cor, 1%
48 A 4-19 44 17 - -
48 B 22-28 50 24 94 23 100
49 A 3-13 47 16
49 B 18-32 48 19 96 23
53 A 2-16 48 17 - -
53 B 17-30 41 19 105 20
94 A 2-13 52 19 - -
94 8 18-31 38 18 109 17
94 C 31-44 NP NP 120 12
173 A 2-15 38 17 - -
173 B 20-35 45 26 101 18
100 99 95 93 89 89 40 27 A-7-6(12) SiL
99 96 92 82 73 59 59 33 25 A-7-6(12) L
i00 99 96 90 83 80 32 20 A-7-5(12) SiL OL
98 96 90 78 69 68 38 30 A-7-6(12) CL ML
100 96 95 92 91 43 36 A-7-5(12) SiCL
99 98 97 93 91 85 84 49 36 A-7-6(12) SiCL
100 98 87 70 69 36 26 A-7-5(13) L
100 99 87 66 62 35 27 A-6(10) L
100 97 96 94 63 22 22 15 12 A-2-4(0) SaL
100 97 89 74 71 32 21 A-6(ll1) L
100 99 91 82 59 57 38 33 A-7-6(12) CL
Summary of Statistical Data
No. of
Horizon Prey SamplesProperty Tested
LL
PI
7
max
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2<
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p
No. of
Standard Coefficient Standard Limit of SamplesMean Deviation of Variation Error Accuracy Required
45.6 5.4
16.9 1.0
99.9
99.7
96.5
81.7
25.9
44.3
21.2
101.0
20. I
98.5
96.7
91.0
67.6
30.4
41 MUSCATINE SILT LOAM
Soil Association Area: K
Soil Group: Brunizem
Parent Material: Loess, over 5 ft on Wisconsinan
glacial drift
Topography: Nearly level to gently rolling,
0.5 to 3.5 % slope
Surface Drainage: Slow to medium
Internal Drainage: Medium
Pedological Profile Description and Engineering Characteristics
Horizon Description
- A Dark brown heavy
- silt loam
grading to
Light brown heavy
silt loam below
- 9 to 12 in.
B Mixed yellowish
- brown and gray
- silty clay loam
C Yellowish brown
- silt loam
LL PI 
7
max OMC % <
No.
% % pcf % 4
41-58 16-26 85-100 20-30 100
47-54 22-33 96-100 19-23 100
% < % Clay Classification
No. (< 2p)
200 AASHO Unified
100 98-99 93-98
100 99-100 95-99
22-45 2-25 104-117 14-19 98-100 98-100 96-100 94-97
30-35 A-7-6 OH
A-7-5 OL
CL
39-42 A-7-6 CH
CL
17-34 A-6 CL
A-4 CL-ML
A-7-6 ML
Design and Construction Information
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
shallow cuts and fills
1.5 to 2.0 ft
3-6 ft, poor drainage
medium to high susceptibility, F3; sometimes very high, F4
to be expected at contact between loess and underlying glaicial drift
easily made unless cuts extend below water table; when wet the surface is
slippery and usually very soft
nearly vertical in unweathered loess; 1.5 to 1 usually stable in drift, deep
cuts in loess may be benched; maintain ditches at base of slopes
may be difficult unless moisture content is closely controlled; large
shrinkage factor to be expected in loess; tamping, grid or pneumatic
rollers acceptable
usually serious on both cut and fill slopes until protected; special
surface drainage installations may be required
generally fair to poor; underlying drift may vary
no
good
topsoil stripping of 6 to 8 in. will not normally remove all organic
compressible soils, 12 in.or more should be stripped under low fills;
at high water contents very unstable under heavy construction traffic;
material absorbs water readily and after rains should be scarified,
partially dried and recompacted prior to placing subbase or more
fill; drainage should be provided to prevent water standing on
surface of cuts or fills
U-
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41 MUSCATINE SILT LOAM
Test Data Summary
Sampling Location
and Slope
T3ON, R3E, Sec 4,
NE 1/4, NE 1/4, SE Cor
0.5%
T29N, R3E, Sec 20,
NE 1/4, NE 1/4, NE Cor
1%
T30N, R3E, Sec 28,
SW 1/4, SW 1/4, NW Cor
0.5%
T30N, R3E, Sec 19,
NW 1/4, NW 1/4, SW Cor
1%
T29N, R3E, Sec 7,
NW 1/4, SW 1/4, NW Cor
3%
Sample Samp.
and Depth
Horizon in.
108 A 7-18
108 B 27-38
108 C 49-64
LL PI 7 d Opt.
w
% % pcf %
42 15 - -
46 21 100 20
29 6 110 18
118 A 2-16 49 22 95 22
118 8 19-36 52 28 100 21
118 C 38-50 31 12 114 16
122 A 4-16 56 23 87 30
122 B 20-34 52 31 98 20
122 C 38-60 30 10 112 16
2-18
20-30
38-55
55-68
131 A 0-20 48 21 98 23
131 B 20-34 51 30 96 23
131 C 37-45 48 27 103 19
Mechanical Analysis
Percent Finer
No. No. No. No. No.
I " 1/2" 4 10 40 60 200 50p 51p 24
Classification
AASHO USDA Unified
100 98 97 94 92 38 30 A-7-6(10) SiCL OL
100 99 99 97 95 47 40 A-7-6(14) SiC CL
100 99 98 96 89 25 20 A-4(8) SiL ML
100 98 98 97 95 43 34 A-7-6(15) SiCL
100 99 99 98 96 49 40 A-7-6(18) SiCL
98 98 96 96 94 92 32 25 A-6(9) SiL
100 98 98 96 94 40 31 A-7-5(16) SiCL
100 99 98 96 47 39 A-7-6(18) SiCL
100 99 98 98 96 91 29 24 A-4(8) SiL
100
100
99 99
100 99 98 97
95 42 32
96 48 42
91 30 24
85 51 40
A-7-5(16) SiCL
A-7-6(17) SiC
A-6(8) SiL
A-6(10) SiC
100 98 96 93 90 42 34 A-7-6(14) SiCL CL
100 99 97 95 92 49 41 A-7-6(18) Sic CH
o100 98 97 95 92 43 36 A-7-6(16) SiCL CL
Summary of Statistical Data
Horiz Index 
No. of
i on Property Samples
Tested
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
%< 2u
Mean Standard Coefficient Standard Limit of No. of
Mean Deviation of Variation Error Accuracy Required
49.8
20.9
92.6
25.1
100.0
99.9
98.3
95.7
32.2
50.6
27.2
98.0
21.0
100.0
100.0
99.2
97.4
40.4
33.6
13.2
110.6
16.9
99.4
99.2
98.1
95.4
26.0
59 LISBON SILT LOAM
Soil Association Area: C (3a)
Soil Group: Brunizem
Parent Material: Thin loess, 1 to 3 ft, on loam
to silt loam till
Topography: Nearly level, 0 to 1% slope
Surface Drainage: Slow
Internal Drainage: Medium
Pedological Profile Description and Engineering Characteristics
LL PI 
7
max OMC % < % < % < % <
Description No. No. No. No.
% % pcf % 4 10 40 200
Very dark brown silt 40-53 13-28
loam
grading to
Very dark grayish
brown silty clay
loam below 7 to 10
in.
Brownish gray
mottled with
yellowish brown
silty clay loam
Brownish gray to
gray silt loam to
loam with some
gravel
- -- 99-100 99-100 95-98 80-94
% Clay Classification
(< 2p)
AASHO Unified
22-37 A-7-6 CL
A-6 OL
CH
40-58 18-34 98-106 19-22 99-100 98-100 94-100 80-98 37-46
20-37 5-17 105-123 10-19 90-100 86-100 78-97 42-99 15-37
A-7-6 CL
A-6 CH
A-6 CL
A-4 SM-SC
Design and Construction Information
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
shallow fills
1.0 to 1.5 ft
3-6 ft, poor drainage
medium to very high susceptibility, F3 to F4
a serious problem where silt or sand pockets are exposed in cuts
usually not difficult, when wet the surface is slippery and often soft
stable at 1.5 to I; silt pockets slough rapidly where seepage occurs
not difficult at moisture contents near optimum; heavy tamping rollers
recommended
often serious on both cut and fill slopes until protected; special
surface drainage installations may be required
generally good below 3 ft, drying may be required to reduce moisture
content to optimum
no
excellent
topsoil stripping of 6 to 8 in. will not normally remove all organic
compressible soil, 12 in.or more should be stripped under low fills;
at high water contents very unstable under heavy construction traffic;
material absorbs water readily and after rains should be scarified,
partially dried and recompacted prior to placing subbase or more fill;
drainage should be provided to prevent water standing on surface of
cuts or fills
Horizon
10-
20.
c
3 0
-
--
5-(L
.§40-
50-
60- L
nn
59 LISBON SILT LOAM
Test Data Summary
Sampling Location
and Slope
Sample Samp. LL PI 
7
d Opt.
and Depth w
Horizon in. % % pcf %
Mechanical Analysis
Percent Finer
No. No. No. No. No.
I" 1/2" 4 10 40 60 200 50p 51 21
Classification
AASHO USDA Unified
T26N, R7E, Sec 32,
NW 1/4, NE 1/4, NW Cor
1%
T27N, R6E, Sec 35
NW 1/4, SW Cor
0.5%
T27N, R5E, Sec 16,
0.1 mile N of SE Cor
0%
T27N, R6E, Sec 30,
NW 1/4, NW 1/4, NE Cor
1%
T30N, R8E, Sec 10,
SE 1/4, SE 1/4, NE Cor
0%
13 A 6-15
13 B 22-32
13 Cl 34-48
13 C2 48-52
20
10 100
35 A 4-11 40 16 - -
35 B 17-30 38 19 105 19
35 C 31-42 29 11 113 16
46 A 5-18
46 B 19-33
46 C 42-45
16 - -
27 - -
16 105 19 99
52 A 2-17 49 24 - -
52 8 21-32 52 24 98 21
52 C 41-51 27 10 115 15
101 A 7-14 46 19 - -
101 B 18-28 48 26 102 21
101 C 35-47 31 13 114 14
82 46 37
82 50 40
30 16 13
44 20 15
A-7-6(17) SiCL
A-7-6(19) SiC
A-4(0) SaL
A-4(2) L
100 95 92 82 81 40 29 A-6(10) SiCL
100 99 94 91 83 82 47 36 A-6(12) SICL
99 98 93 89 80 80 40 28 A-6(8) SiCL
100 99 96 94 89 89 40 25 A-7-6(12) SiL
100 99 97 95 91 90 54 42 A-7-6(17) SiC
98 97 96 92 90 84 82 47 33 A-6(10) SiCL
100 98 97 94 92 38 24 A-7-6(15) SiL
100 99 98 97 94 53 43 A-7-6(16) SiC
98 95 89 85 75 74 35 26 A-4(8) CL
100 98 94 85 84 44 31 A-7-6(13) SiCL
100 98 96 91 90 56 44 A-7-6(16) SIC
98 96 88 85 78 77 39 29 A-6(9) SiCL
CH
CH
SM-SC
SC
CL
CL
CL
No. ofHorizon ndex SamplesHorizon Property Tested
LL
PI
% < No. 4
% < No. 10
% < No. 40
% < No. 200
%< 21,
LL
PI
Ymax
OMC
% < No.
% < No.
% < No.
% < No.
% < 2p
LL
PI
7max
OMC
% < No.
% < No.
% < No.
% < No.
Summary of Statistical Data
No. of
Mean Standard Coefficient Standard Limit of SamplesDeviation of Variation Error Accuracy Required
46.4 4.7
20.5 4.9
99.8
99.4
96.8
86.9
29.3
48.7
26.2
101.9
20.2
99.6
99.2
97.0
88.9
41.2
28.7
11.1
113.6
14.7
96.3
93.7
87.5
70.8
25.7
10.1
23.8
0.3
0.5
1.1
5.4
18.1
12.9
22.0
2.9
4.8
0.5
0.9
1.9
6.8
7.5
19.7
37.6
5.4
21.8
4.2
5.5
7.7
27.7
29.2% < 2p.
60 LAROSE SILT LOAM
Soil Association Area: C, H (3a)
Soil Group: Brunizem
Parent Material: Thin loess, 0 to 2 ft, on loam
to silt loam till
Topography: Moderately to strongly sloping,
7 to 15% slope
Surface Drainage: Rapid
Internal Drainage: Medium
Pedological Profile Description and Engineering Characteristics
LL PI 
7
max OMC % < % < % < % <
Description No. No. No. No.
% % pcf % 4 10 40 200
Brown to light brown
silt loam, some-
times pebbly
grading to
Yellowish brown silt
loam to loam below
5 to 7 in.
Yellowish brown
silty clay loam
to clay loam
Yellowish brown
silt loam to loam
with some gravel
37-41 13-17 -- -- 95-100 94-100 85-98 62-82
% Clay Classification
(< 2p)
AASHO Unified
20-24 A-6 CL
A-7-6 OL
30-47 12-25 98-112 15-20 95-100 94-99 88-95 73-83 27-39
29-41 10-22 103-115 15-19 98-99 96-99 90-96 71-90 30-37
A-6 CL
A-7-6
A-6
A-4
A-7-6
Design and Construction Information
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
moderate to deep cuts and fills
approximately 1.0 ft
below 6 ft, good drainage
medium to high susceptibility, F3 ; occasionally very high, F4
a serious problem where silt or sand pockets are exposed in cuts
usually not difficult, when wet the surface is slippery and often soft
stable at 1.5 to 1, silt pockets slough rapidly where seepage occurs
not difficult at moisture contents near optimum; heavy tamping rollers
recommended
often serious on both cut and fill slopes until protected; special
surface drainage installations may be required
generally good unless very silty
no
fair
normal topsoil stripping of 6 to 8 in. recommended beneath low fills; at
high water contents very unstable under heavy construction traffic;
soil material absorbs water readily and after rains should be scarified
partially dried and recompacted prior to placing subbase or more fill;
drainage should be provided to prevent water standing on surface of
cuts or fills; exercise care in breaking up embankment material before
it dries to hard lumps
Horizon
0-
I-
10-
20-
S-
c
- 30-
0 -
50-
60-
-
-
60 LAROSE SILT LOAM
Test Data Summary
Sampling Location
and Slope
T26N, R7E, Sec 5,
NW 1/4, SW Cor
10%
T24N, R6E, Sec 2,
NE Cor
10%
T26N, R6E, Sec 10,
NW 1/4, SE Cor
5%
T26N, R8E, Sec 32,
NE 1/4, NW Cor
15%
T26N, R6E, Sec 16,
0.1 mile E of SW Cor
12%
Sample Samp. LL PI 7d Opt.
and Depth w
Horizon in. % % pcf %
33 A 2-9 40 16 - -
33 B 16-29 38 18 102 18
33 C 31-42 34 16 107 18
60 A 1-9 39 16 - -
60 B 11-24 29 12 113 15
60 C 24-34 30 9 113 16
63 A 2-13 40 14 - -
63 B 14-25 44 22 100 19
63 C 25-36 41 20 103 19
169 A 3-17 36 14 - -
169 B 19-32 41 22 104 18
169 C 33-45 34 17 III 16
177 A
177 B
177 C
2-13
19-28
31-42
40 15 - -
40 20 106 18
37 19 110 18
Mechanical Analysis
Percent Finer
No. No. No. No. No.
I" 1/2" 4 10 40 60 200 50p 5p 2p
Classification
AASHO USDA Unified
100 99 96 92 82 80 36 23 A-7-6(ll) SiL CL
99 98 94 91 84 80 46 34 A-6(ll) SiCL CL
100 98 97 93 90 83 83 47 33 A-6(10) SiCL CL
98 95
95 94
98 96
81 66 67 31 23 A-6(9)
84 74 73 38 27 A-6(9)
88 82 82 46 31 A-4(8)
L CL
CL CL
SiCL CL
100 99 94 88 76 72 32 21 A-6(10) SiL
98 96 92 87 78 77 43 32 A-7-6(14) CL
99 98 94 91 81 80 46 36 A-7-6(12) SiCL
99 99 98 93 85 70 66 32 23 A-6(9) L
99 98 97 90 86 76 74 48 39 A-7-6(13) C
99 99 98 97 91 84 70 66 38 32 A-6(10) CL
94 94
98 97
99 98
86 79 66 64 30 20 A-6(8)
92 87 78 77 44 32 A-6(12)
95 93 88 85 50 36 A-6(12)
L
CL
SiCL
OL
CL
CL
CL
CL
CL
CL
CL
CL
No. of
Horizon Index Samples
Property Tested
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2ij
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p
Summary of Statistical Data
No. of
ean Standard Coefficient Standard Limit of Samles
Deviation of Variation Error Accuracy Required
39.0 1.7
15.0 1.3
98.1
97.2
91.3
72. 1
21.9
38.4
18.6
105.4
17.8
97.6
96.4
91.2
78.0
32.9
34.9
16.1
108.9
17.4
98.4
97.3
92.9
80.7
33.6
67 HARPSTER SILTY CLAY LOAM
Soil Association Area: C, H, R (3a, 8a) Topography: Nearly level to depressional,
0 to 0.5 % slope
Soil Group: Humic-Gley Surface Drainage: Very slow
Parent Material: Silty local wash and loess, 2 to 5 ft, Internal Drainage: Medium
on loamy glacial drift
Pedological Profile Description and Engineering Characteristics
LL PI 7max OMC % < % < % < % <
Description No. No. No. No.
% % pcf % 4 10 40 200
% Clay Classification
(< 2V)
AASHO Unified
Black to very dark 42-71 17-36 - -- 100 99-100 95-99 72-99 26-44
gray clay loam or
silty clay loam
grading to
Dark gray to grayish
brown clay loam to
silty clay loam
below 6 to 12 in.
Dark gray, mottled 26-67 9-40 94-113 14-24 98-100 96-100 81-100 64-100 24-47
with yellowish
brown, clay loam to
silty clay loam
Gray loam to silty 24-51 10-26 97-124 10-24 92-100 88-100 73-100 41-100 17-41
clay loam
Remarks:
Substrata may sometimes be sandy or gravelly. This soil differs from Drummer, No. 152,
principally by the presence of small shells which cause an alkaline reaction.
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
Design and Construction Information
shallow fills
1.0 to 1.5 ft
0-3 ft, very poor drainage
medium to high susceptibility, F3
a serious problem if pockets or strata of silt or sand are exposed
can be made easily above water table during dry season, when wet the surface
is slippery and very soft
usually stable at 1.5 to I, silt pockets slough rapidly where seepage occurs
not difficult at moisture contents near optimum; heavy tamping rollers
recommended
often serious on both cut and fill slopes, special surface drainage
installations may be required
generally good below 3 ft; drying usually required to reduce moisture
content to optimum
no
excellent
topsoil stripping of 6 to 8 in. will not usually remove all organic
compressible soil, 12 in.or more should be stripped under low fills;
at high water contents very unstable under heavy construction
traffic; preferable to elevate grade line 4 to 5 ft and not attempt
to strip topsoil
Horizon
0-
10-
-20-
U
C
.530-
.
a-40-
50-
60_
A
C
-_
C
A-7-6 CH
A-7-5 OH
CL
A-7-6
A-6
A-6 CL
A-7-6 CH
67 HARPSTER SILTY CLAY LOAM
Test Data Summary
Sampling Location
and Slope
Sample Samp. LL PI 7d Opt.
and Depth w
Horizon in. % % pcf %
Mechanical Analysis
Percent Finer
No. No. No. No. No.
I" 1/2" 4 10 40 60 200 50p 5, 24
Classification
AASHO USDA Unified
14 A 5-13 50 23 - -
14 B 18-35 39 20 107 18
14 C 39-50 32 14 112 18
36 A 2-11 46 23 -
36 8 19-36 36 20 109 16
36 C 41-48 31 18 115 14
50 A 2-11 61 38 - -
50 B 15-24 44 15 101 20
50 C 27-37 32 13 118 13
T26N, R6E, Sec 35,
NW 1/4, NE Cor
0%
T27N, R6E, Sec 35,
NW 1/4, NW 1/4, Center
W Line, 0%
T27N, R5E, Sec 1,
NW Cor
0%
T28N, R8E, Sec 21,
NE 1/4, NW 1/4, NE Cor
0.5%
T28N, R3E, Sec 3, 1
NE 1/4, NW 1/4, N Central 1
0% 1
H . Index No. ofHorizon Property Tesmpteds
Property ted
76 A 2-13 71 22
76 B 18-32 71 42
76 C 32-43 53 27
94 25
94 25
2-14 53 26 - -
15-30 45 24 107 17
35-48 39 19 113 16
100
100 99
100 99
93 82 78 40 30 A-7-6(15) CL
93 83 80 40 31 A-6(12) SICL
92 81 77 36 26 A-6(10) SiL
100 99 95 89 72 69 37 28 A-7-6(14) CL
100 99 93 86 70 67 33 29 A-6(ll) CL
99 97 88 78 58 58 32 26 A-6(8) L
100 96 92 86 84 52 38 A-7-6(20) SiCL CH
100 98 95 79 76 72 72 41 32 A-7-6(l0) CL ML
99 96 91 87 70 59 44 44 24 20 A-6(3) GL SC
100 98 97 94 93 53 39 A-7-5(17) SiCL OH
100 99 97 62 49 A-7-6(20) SiC CH
100 99 97 47 42 A-7-6(17) SiC CH
100 99 98 97 93 92 51 41 A-7-6(17) SIC CH
100 99 98 97 93 91 41 35 A-7-6(15) SiCL CL
100 99 98 96 93 90 40 33 A-6(12) SiCL CL
Summary of Statistical Data
Standard Coefficient
Deviation of Variation
Standard Limit of No. of
Error Accuracy Required
56.2 9.9
26.4 6.5
99.8
99.5
97.0
85.6
35.0
46.7
24.4
103.6
19.1
99.5
98.6
93.2
83.3
35.2
37.4
18.2
110.5
16.8
97.9
96.5
90.4
74.9
29.3
LL
PI
7max
OhC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p.
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2,
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p1
68 SABLE SILTY CLAY LOAM
Soil Association Area: K
Soil Group: Humic-Gley
Parent Material: Loess, over 5 ft on Wisconsinan
glacial drift
Topography: Nearly level to depressional,
0 to 0.5 % slope
Surface Drainage: Very slow
Internal Drainage: Medium
Pedological Profile Description and Engineering Characteristics
Horizon Description
7
max OMC
pcf %
% Clay
(< 2ý)
Classification
AASHO Unified
A Black silty clay
loam
grading to
Very dark brown
silty clay loam
- below 12 to 16 in.
47-64 19-34 -- -- 100 100 98-100 92-100 32-44 A-7-6 CH
A-7-5 OH
CL
Dark gray with
some yellowish
gray mottling,
silty clay loam
Grayish brown to
yellowish brown
silt loam
40-56 20-30 101-109 15-21 100
30-48 10-30 106-115 14-19 100
100 99-100 94-100
100 99-100 96-99 25-41
35-41 A-7-6 CL
A-7-5 CH
MH
A-6 CL
A-7-6
Design and Construction Information
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
shallow fills
1.5 to 2.0 ft
0 to 3 ft, very poor drainage
medium to high susceptibility, F3 ; sometimes very high, F4
to be expected at contact between loess and underlying glacial drift
can be made easily during dry season, when wet the surface is slippery and
very soft
nearly vertical in unweathered loess; 1.5 to I usually stable in drift;
maintain ditches at base of slopes
may be difficult unless moisture content is closely controlled; large
shrinkage factor to be expected in loess; tamping grid, or pneumatic
rollers acceptable
usually serious on both cut and fill slopes until protected; special
surface drainage installations may be required
generally fair to poor; underlying drift may vary; drying usually
required to reduce moisture content to optimum
no
excellent
topsoil stripping of 6 to 8 in.will not remove all organic compressible
soil, 18 in.or more should be stripped under low fills; at high water
contents very unstable under heavy construction traffic; preferable
to elevate grade line 4 to 5 ft and not attempt to strip topsoil
68 SABLE SILTY CLAY LOAM
Test Data Summary
Sampling Location
and Slope
Sample Samp. LL P1 7d Opt.
and Depth w
Horizon in. % % pcf %
Mechanical Analysis
Percent Finer
No. No. No. No. No.
I " 1/2" 4 10 40 60 200 50p 5p 2p
Classification
AASHO USDA Unified
T30N, R3E, Sec 10, 109 A
NW 1/4, NW 1/4, SW Cor 109 B
0% 109 C
T29N, R3E, Sec 15, 120 A
SW 1/4, NW 1/4, W Central 120 B
0% 120 C
T30N, R3E, Sec 20, 123 A
NE 1/4, NE 1/4, NE Cor 123 B
1% 123 C
T30N, R3E, Sec 19, 129 A
SW 1/4, NW 1/4, NW Cor 129 B
0% 129 C
T30N, R3E, Sec 31, 130 A
SW 1/4, SW 1/4, 130 B
Mid-W-Edge, 0% 130 C
No. of
Horizon Property Tested
6-18 53 19 - -
20-34 48 24 102 20
37-46 37 16 109 18
4-14
20-32
40-51
46 23 104 20
41 24 107 16
42 24 109 16
4-18 62 28 - -
22-34 45 25 108 16
37-52 43 23 109 18
4-18 56 31 - -
18-30 55 22 103 20
35-46 30 10 116 14
4-18 60 31 92 24
18-33 52 31 105 19
34-48 46 27 110 18
100 99 99 95 43 37 A-7-5(14) SiCL OH
100 99 99 98 96 45 37 A-7-6(16) SiCL CL
100 99 98 95 33 28 A-6(10) SiCL CL
100 98 96 91 89 41 35 A-7-6(14) SiCL
100 99 98 94 92 43 36 A-7-6(14) SiCL
100 99 98 96 93 42 37 A-7-6(14) SiCL
100 99 98 96 9441 33 A-7-5(19) SiCL
100 99 99 97 94 45 37 A-7-6(15) SiCL
100 99 97 92 45 36 A-7-6(14) SiCL
100 99 99 52 44 A-7-6(19) SiC
100 99 98 50 41 A-7-5(16) SiC
100 99 99 98 95 32 26 A-4(8) SiL
100 99 99 98 96 49 40 A-7-6(20) SiC
100 99 96 49 40 A-7-6(18) SiC
100 99 98 96 44 37 A-7-6(16) SiCL
Summary of Statistical Data
Standard Coefficient
Mean Deviation of Variation
Standard Limit of No. of
Error Accuracy Required
55.3 6.0
26.5 5.4
100.0
99.9
99.0
96.7
37.8
48.2
25.3
105.1
18.1
100.0
100.0
99.4
97.5
38.3
39.4
20.0
1 10.6
16.7
100.0
100.0
99.4
97.6
32.8
LL
PI
7max
OHC
No. 4
No. 10
No. 40
No. 200
2j,
LL
PI
7
max
OKC
% < No.
% < No.
% < No.
% < No.
% < 21A
LL
PI
7max
OMC
%< No. 4
% < No. 10
% < No. 40
% < No. 200
%< 2p
73 HUNTSVILLE LOAM
Soil Association Area: Y (9a)
Soil Group: Alluvial
Parent Material: Medium-textured water-deposited
sediments
Topography: Nearly level, 0 to 0.5% slope
Surface Drainage: Slow
Internal Drainage: Medium
Pedological Profile
LL PI
Description
% %
Brown to yellowish 36-52 12-28
brown loam to sandy
loam
grading to
Yellowish brown to
grayish brown loam
below 6 to 12 in.
Description and Engineering Characteristics
7max OMC % < % < % < % <
No. No. No. No.
pcf % 4 10 40 200
93-102 20-25 100 99-100 98-100 86-100
% Clay Classification
(< 24)
AASHO Unified
26-38 A-7-6 CL
A-6 OL
Yellowish brown to
gray varying from
silty clay loam
to gravelly loam
18-36 NP-21 110-121 11-16 83-100 74-100 52-98 6-78
or NP
Design and Construction Information
Al ignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
moderate to deep fills and/or structures
0.5 to 3.0 ft
0-3 ft, very poor drainage
low to high susceptibility, F ; occasionally F2
to be expected in cuts below water table
seldom made; not difficult above water table
sheeting usually required due to high water table
usually not difficult at moisture contents near optimum; tamping, grid
or pneumatic rollers acceptable
usually serious in cuts
generally good below 3 ft; excavation below water table usually required
silty sand common; sandy gravel may be found at depths below 5 ft
good to excellent; stripping may be difficult
topsoil stripping of 6 to 8 in.will not normally remove all organic
compressible soil, 18 in.or more should be stripped under low fills;
soil normally unstable under heavy construction traffic and stripping
must usually be done with dragline; if moderately high fills are
built the strength of the substrata should be determined in order
to avoid base failures; area usually subject to flooding, embankment
slopes may require special protection
Horizon
1-32 A-2-4
A-4
A-6
SC
SM
SM-SC
CL
73 HUNTSVILLE LOAM
Test Data Summary
Sampling Location
and Slope
T25N, R6E, Sec 5,
NW 1/4, NE 1/4, NW Cor
0%
T26N, R6E, Sec 11,
SW 1/4, NW Cor
0%
T26N, R7E, Sec 11,
NW 1/4, SW Cor
0%
T28N, R5E, Sec 3,
NW 1/4, NE 1/4, NW Cor
0.5%
T29N, R4E, Sec 3,
NE 1/4, NE 1/4, NE Cor
0%
Sample Samp. LL PI 7d Opt.
and Depth w
Horizon in. % % pcf %
15 A 0-14 50 25 94 25
15 C 27-40 24 9 - -
48 24 96 23
34-42 29 12 115 14
31 A 5-30 36 13 101 20
31 C 35-55 21 5 117 13
95 Al 2-17 40 14 98 22
95 C 38-58 NP NP 120 12
143 A 0-36 46 22 101 22
143 C 55-75 35 21 Ill 16
Mechanical Analysis
Percent Finer
No. No. No. No. No.
1" 1/2" 4 10 40 60 200 50p 5t 24
Classification
AASHO USDA Unified
100 99 98 94 92 44 32 A-7-6(16) SiCL CL
100 95 85 77 58 42 31 28 14 11 A-2-4(0) SaL SC
100 99 97 89 87 44 33 A-7-6(15) SiCL CL
99 95 88 79 64 53 40 35 16 14 A-6(2) SaL SC
100 99 98 96 86 84 38 26 A-6(9) SiL CL
100 98 76 50 34 32 18 11 A-2-4(0) SaL SC-SM
100 99 99 97 9442 30 A-7-6(l0) SiCL OL
100 95 91 75 49 21 21 14 10 A-2-4(0) SaL SM
100 99 97 95 53 38 A-7-6(14) SiCL
100 98 85 80 45 35 A-6(12) CL
Summary of Statistical Data
No. of
Horizon Index Sampleszon Property Tested
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
%< 2n.
LL
PI
7
max
OMC
% < No.
% < No.
% < No.
% < No.
% < 2p
No. of
Standard Coefficient Standard Limit of SamplesMean Deviation of Variation Error Accuracy Required
43.9
19.7
97.9
22.2
99.9
99.7
99.1
92.5
32.2
27.4
9.3
116.0
13.7
93.5
89.0
74.6
41.9
16.3
80 ALEXIS SILT LOAM
Soil Association Area: R (8a)
Soil Group: Brunizem
Parent Material: Silty sediments, 0 to 3 ft, on
stratified glacial outwash
Topography: Moderately sloping, 3 to 8% slope
Surface Drainage: Rapid
Internal Drainage: Medium
Pedological Profile Description and Engineering Characteristics
LL PI 
7
max OMC %< %< %< % <
Horizon Description No. No. No. No.
% % pcf % 4 10 40 200
Brown to light brown 28-53 12-23
silt loam
grading to
Brown to yellowish
brown silt loam to
light silty clay
loam below 7 to 10
in.
Yellowish brown
clay loam to silty
clay loam
-- -- 98-100 97-100 92-100 46-92
20-52 4-30 96-122 10-23 92-100 86-100 72-100 33-100
% Clay Classification
(< 2p)
AASHO Unified
20-34 A-7-6 CL
A-6 OL
OH
12-43 A-6 CL
A-4 SM-SC
A-7-6
Yellowish brown 20-50 NP-29 98-134 8-19 49-100 41-100 27-100 1-100
sandy loam to or NP
silty clay loam
Remarks:
Substrata are stratified silts, sands and gravels, sometimes capped by a
reddish brown gravelly clay loam.
Design and Construction Information
Al ignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
moderate cuts and fills
1.0 to 1.5 ft
below 6 ft, good drainage
medium to high susceptibility, F3
may be a serious problem if strata or pockets of silt or fine sand are
exposed
usually not difficult; when wet the surface may be slippery and soft
usually stable at 1.5 to 1, silt strata or pockets slough rapidly where
seepage occurs
not difficult at moisture contents near optimum; heavy tamping rollers
usually most satisfactory; grid or pneumatic rollers acceptable
may be serious on both cut and fill slopes
generally good below 3 ft
poor to excellent; varies with thickness of outwash and amount of silt
present
fair to good, depending on slope and erosion
normal topsoil stripping of 6 to 8 in.recommended beneath low fills;
material encountered in shallow cuts may be extremely unstable
under heavy construction traffic when wet; drainage should be
provided to prevent water standing on surface of cuts or fills
2-46 A-6
A-7-6
A-4
A-1
CL
SC
SP-SM
80 ALEXIS SILT LOAM
Test Data Summary
Sampling Location
and Slope
T28N, R4E, Sec 22,
NW 1/4, NE Cor
2%
T29N, R4E, Sec 8,
SE 1/4, NW 1/4, SE Cor
4%
T28N, R5E, Sec 20,
NE Cor
2%
T28N, R5E, Sec 7,
NW 1/4, SE 1/4, SW Cor
3%
Sample Samp. LL Pl 7d Opt.
and Depth w
Horizon in. % % pcf %
91 A 2-13 45 15 -
91 B 22-33 32 14 108 17
91 C 43-55 23 7 118 12
135 A
135 B
135 C
0-19 38 18 -
19-41 22 6 122 10
41-60 NP NP 133 10
Mechanical Analysis
Percent Finer
No. No. No.
I" 1/2" 4 10 40
Classification
No. No.
60 200 50p 5p 2p
AASHO USDA Unified
100 99 93 69 66 33 22 A-7-6(10) L
100 90 59 57 32 25 A-6(6) L
100 99 96 75 41 40 27 22 A-4(l) SaCL
98 97 92
100 92 86 72
86 68 47 39 26
174 A 3-16 30 14 -
174 B 19-39 44 24 104 19
174 C 40-58 41 22 107 18
175 A 2-14 50 23 - -
175 B 17-31 45 25 102 20
175 C 33-45 41 23 106 16
85 65 62 33 27 A-6(9) CL CL
59 37 34 17 13 A-4(0) GSaL SM-SC
18 10 9 4 3 A-I-a(O) SaLG SP-SM
100 99 87 52 50 30 24 A-6(5) SaCL CL
100 97 83 79 45 35 A-7-6(14) CL CL
100 99 92 88 45 35 A-7-6(13) SiCL CL
100 99 91 87 46 33 A-7-6(15) SiCL
100 99 89 85 45 36 A-7-6(15) SiCL
100 99 89 86 46 36 A-7-6(13) SiCL
Summary of Statistical Data
Index No. of
Horizon SamplesHorizon Property Tested
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p,
LL
PI
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2<p
LL
Pl
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p
Standard Coefficient Standard Limit of NoS ofMean Deviation of Variation Error Accuracy SamplesMean of Variation Error Accuracy Required
40.6 8.7
17.5 3.7
99.6
99.2
97.2
69.
26.6
35.9
17.2
108.7
16.6
98.0
96.5
92.8
67.0
27.4
35.1
12.9
115.7
13.9
86.7
84.6
80.3
58.0
24.0
81 LITTLETON SILT LOAM
Soil Association Area: R, Y (8a, 9a)
Soil Group: Brunizem
Parent Material: Medium textured water-deposited
sediments
Topography: Very gently sloping,
0.5 to 2% slope
Surface Drainage: Medium to slow
Internal Drainage: Medium
Pedological Profile Description and Engineering Characteristics
LL PI 
7
max OMC % < % < % < % <
Description No. No. No. No.
% % pcf % 4 10 40 200
Brown to dark brown 32-50 12-24 92-112
silt loam
grading to
Dark yellowish brown
to dark grayish
brown silt loam
below 7 to 10 in.
Yellowish brown to 19-43
brownish gray silty
to sandy clay loam
13-26 99-100 98-100 93-100 60-99
% Clay Classification
(< 2,)
AASHO Unified
18-39 A-7-6 CL
A-6 OL
5-24 99-128 9-20 86-100 77-100 60-100 28-82 13-35 A-6 CL
A-4 SC
SM-SC
Remarks:
- A weakly developed silty clay loam B horizon may be present.
Design and Construction Information
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material
Source of topsoil:
Special recommendations:
shallow to moderate cuts and fills
0.5 to 3.0 ft
3-6 ft, sometimes deeper; fair drainage
low to high susceptibility, F3 ; occasionally F2
to be expected if cuts are made below the water table
usually not difficult unless cuts extend below water table; when wet,
surface is slippery and often soft
usually stable at 1.5 to 1; silt strata slough rapidly where seepage occurs
not difficult at moisture contents near optimum; tamping, grid or pneumatic
rollers acceptable
may be serious on both cut and fill slopes
generally good below 3 ft
uncertain, if present, usually found at depths below 6 ft
generally excellent
topsoil stripping of 6 to 8 in. will not normally remove all organic
compressible soil, 18 in. or more should be stripped under low fills;
at high water contents very unstable under heavy construction
traffic; if moderately high fills are built, the strength of the
substrata should be determined in order to avoid base failures;
area may be subject to flooding
Horizon
0-
10-
20-
X : 30..
50-
6Qý
81 LITTLETON SILT LOAM
Test Data SumLmary
Sampling Location
and Slope
T27N, R6E, Sec 6,
SW 1/4, SE Cor
1%
T29N, R4E, Sec 20,
NE 1/4, SE 1/4, SW Cor
1%
T29N, R4E, Sec 6,
NW 1/4, NW 1/4, NW Cor
1%
T29N, R4E, Sec 35,
SW 1/4, SW 1/4, SW Cor
1%
T28N, R4E, Sec 3,
SW 1/4, SE 1/4, SE Cor
1%
Sample Samp. LL PI yd Opt.
and Depth w
Horizon in. % % pcf %
73 A 2-12 39 15 - -
73 B 15-24 38 17 99 18
73 C 24-37 40 19 103 17
134 A 3-26 47 18 94 25
134 C 26-39 40 22 104 19
136 A 5-33 32 12 I08 17
136 C 36-60 21 5 125 10
157 A 5-30 40 20 104 16
157 C 44-64 26 13 119 12
158 A
158 B
158 C
12-38
60-72
72-88
47 23 - -
41 23 108 18
28 13 116 13
Mechanical Analysis
Percent Finer
No. No. No. No. No.
I" 1/2" 4 10 40 60 200 50p 5p 2p
100 99 96 91 82 80 32 22 A-6(10)
98 95 90 85 78 76 41 30 A-6(ll)
99 84 75 66 58 51 51 31 25 A-6(6)
Classification
AASHO USDA Unified
SiL CL
SiCL CL
CL CL
100 99 97 95 87 83 40 28 A-7-6(13) SiCL OL
100 99 97 87 84 44 35 A-6(13) SiCL CL
100 99 98 94 83 56 53 25 20 A-6(5) L CL
98 96 88 74 42 40 18 15 A-4(l) SaL SM-SC
100 97 85 80 42 34 A-7-6(12) SiCL CL
100 98 82 55 52 28 25 A-6(5) SaCL CL
100 99 95 93 87 84 43 36 A-7-6(15) SiCL CL
100 98 97 93 90 46 37 A-7-6(13) SiCL CL
99 98 95 90 67 51 40 39 22 18 A-6(2) SaCL SC
Summary of Statistical Data
No. of
Horzon SamplesHorizon Property Tested
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p.
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2g
Standard Coefficient Standard Limit of No. of
ean Deviation of Variation Error Accuracy Required
41.1
17.5
102.2
19.4
99.8
99.1
96.3
79.4
28.3
31.1
14.3
113.4
14.4
95.5
92.3
83.8
55.1
23.8
91 SWYGERT SILT LOAM
Soil Association Area: G (5a)
Soil Group: Brunizem
Parent Material: Silty sediments,0 to 2 ft, on
silty clay drift
Topography: Gently to moderately sloping,
I to 6% slope
Surface Drainage: Medium
Internal Drainage: Slow
Pedological Profile Description and Engineering Characteristics
Description
Brown to very dark
brown heavy silt
loam to light silty
clay loam
grading to
Dark grayish silty
clay loam below 6
to 10 in.
Brownish gray,
mottled yellowish
brown, heavy silty
clay
Gray silty clay
with occasional
gravel
7'max OMC
pcf %
46-53 19-23 -- -- 100
%< %<
No. No.
40 200
100 98-99 83-100
42-60 21-39 92-106 20-22 99-100 99-100 97-100 89-100
33-56 16-34 100-113 15-22 97-100 96-100 93-98 75-100
% Clay Classification
(< 2s)
AASHO Unified
26-36 A-7-6 OL
A-7-5 OH
CL
CH
40-53 A-7-6 CH
CL
25-69 A-7-6 CL
A-6 CH
Design and Construction Information
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
moderate cuts and fills
0.5 to 1.5 ft
3-6 ft, fair to poor drainage
medium to high susceptibility, F3
not common, temporary where cuts intersect occasional silt pockets
usually not difficult down to 4 ft, below water table moisture content may
be 5 to 10% above optimum and material breaks out in large chunks;
surface very slippery when wet; bakes to a hard dry crust with cracks
stable at 1.5 to 1; exposed silt pockets may slough where seepage occurs
not difficult if layers are of proper thickness and moisture content is
near optimum; heavy tamping rollers recommended; pneumatic rollers
may impart planes of weakness
generally not a problem; difficult to stabilize topsoil on slopes
fair to good; manipulation nearly always necessary to reduce moisture
content
no
good
topsoil stripping of at least 8 in. recommended beneath low fills;
exercise care in breaking up embankment material before it dries
to hard lumps or is compacted in layers which exceed normal
thickness; surface drainage should be provided in both cut and
fill sections to prevent softening under heavy construction
traffic; areas may be very difficult to work during rainy season
Horizon
91 SWYGERT SILT LOAM
Test Data Summary
Sampling Location
and Slope
T25N, R8E, Sec 10,
SE 1/4, SW Cor
2.5%
T27N, R7E, Sec 22,
SW 1/4, SW 1/4, SE Cor
2%
T28N, R7E, Sec 29,
0.1 mile E, NW Cor
4%
T30N, R4E, Sec 13,
SW 1/4, NE 1/4, NW Cor
2%
T3N, R6E Sec 14,
SE 104, Ne Cor
1%
Sample Samp. LL PI 7d Opt.
and Depth w
Horizon in. % % pcf %
26 A 5-12 47 21 -
26 B8 16-27 52 33 99 21
26 C 32-42 39 20 110 18
29 A 5-13 47 19 - -
29 B 20-29 61 39 93 22
29 C 30-38 49 30 102 18
68 A 4-13
68 B 18-32
68 C 32-38
51 22 -
45 24 104 21
42 22 106 19
148 A 2-14 51 23 94 23
148 B 14-28 49 26 101 21
148 C 28-40 55 33 101 21
164A 6-16 50 21 - -
164 B 20-37 48 26 -
164 C 41-53 37 20 112 15
No. of
Horizon PropIndex Sampleserty Tested
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p
Mechanical Analysis
Percent Finer
No. No. No. No. No.
I" 1/2" 4 10 40 60 200 50p 5p 2ý
Classification
AASHO USDA Unified
100 98 96 94 92 46 32 A-7-6(14) SiCL
100 99 98 97 94 91 61 48 A-7-6(18) Sic
100 99 98 95 94 92 91 65 46 A-6(12) SiC
100 98
100
100 99 97 97 94
97 95 92 45 30 A-7-6(13) SiCL
99 97 95 56 46 A-7-6(20) SiC
92 87 85 49 40 A-7-6(18) SiC
100 98 97 94 90 47 36 A-7-6(15) SiCL
100 99 99 98 97 94 93 69 52 A-7-6(15) SiC
100 99 98 97 94 93 91 91 72 54 A-7-6(13) C
100 98
100
100 98
97 94 41 30 A-7-6(15) SiCL
98 95 52 45 A-7-6(16) SiC
98 97 83 67 A-7-6(19) C
100 98 93 82 81 37 27 A-7-6(14) SiL
100 98 95 89 88 4840 A-7-6(16) SiC
100 96 88 74 71 31 27 A-6(12) CL
Summary of Statistical Data
Standard Coefficient
Deviation of Variation
Standard Limit of No. of
Error Accuracy Required
49.5
21.0
100.0
99.9
98.2
92.3
31.1
51.0
29.6
99.4
21.2
99.7
99.7
98.6
94.4
46.2
44.4
25.1
106.4
18.2
98.9
98.3
95.6
88.2
47.0
103 HOUGHTON MUCK
Soil Association Area: R (8ab) C, D, (3ab)
Soil Group: Organic
Parent Material: Organic matter and silty sediments
Topography: Usually depressional
Surface Drainage: Very slow to ponded
Internal Drainage: Very slow to none
Pedological Profile Description and Engineering Characteristics
LL PI 7max OMC % < % < % < % <
Description No. No. No. No.
% % pcf % 4 10 40 200
% Clay Classification
(< 2g)
AASHO Unified
Black or very dark
brown organic
matter
Insufficient data available to estimate the average properties of this
organic soil.
Brown peat overlying
soft gray marl or
calcareous fine-
grained sediments at
any depth below 3 ft
Remarks: Depth to drift variable.
Design and Construction Information
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
avoid if possible or excavate all soft material and fill with good borrow
1.0 to 3.0 ft
0-3 ft, very poor drainage
low to high susceptibility, F3
to be expected if cuts made below water table
not difficult; dragline operation usually required
stable temporarily at 1.5 to 1; sheeting may be required in deep cuts
not suitable
generally not serious as excavations usually open only a short time
no
no
good
excavation of all organic material and underlying soft sediments required
to provide stability for base of fill; for very deep deposits special
swamp treatment procedures may be used; careful detailed exploration
required to determine depth of compressible material along line of
right-of-way
Horizon
A
103 HOUGHTON MUCK
Test Data Summary
Because of its highly organic nature, samples of this soil type cannot
be analysed by the procedures commonly used for mineral soils.
134 CAMDEN SILT LOAM
Soil Association Area: R (8b)
Soil Group: Gray-Brown Podzolic
Parent Material: Silty sediments, 0 to 3 ft, on
stratified glacial outwash
Topography: Gently rolling, 1 to 4% slope
Surface Drainage: Medium
Internal Drainage: Medium
Pedological Profile Description and
LL P
l  
7max OMC
Description
% % pcf %
Yellowish gray to 24-40 NP-17
brownish gray silt or NP
loam
grading to
Grayish yellow to
yellowish brown silt
loam below 4 to 6 in.
Yellow to yellowish
brown clay loam to
silty clay loam
Engineering Characteristics
%< %< %< % <
No. No. No. No.
4 10 40 200
- -- 100 99-100 94-99 34-100
% Clay Classification
(< 21)
AASHO Unified
10-27 A-4 SM
A-6 CL
OL
SM-SC
ML
12-49 NP-29 100-127 9-21 94-100 90-100 75-100 32-96 10-39
Yellow to yellowish 20-48 3-28 102-129 8-19 84-100 73-100 62-100 34-60 10-33
brown silty to or NP or NP
sandy loam
Remarks:
Substrata are stratified silts, sands, and gravels sometimes capped by a
reddish brown gravelly clay loam.
A-6 CL
A-7-6 CL-ML
A-4 SM
A-6
A-7-6
A-4
A- I
SC
SM
CL
CL-ML
Design and Construction Information
Al ignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material
Source of topsoil:
Special recommendations:
moderate cuts and fills
1.0 to 1.5 ft
below 6 ft, fair to good drainage
low to very high susceptibility, F3 ; occasionally F2 or F4
not serious unless cuts are made below water table
not difficult unless cuts are made below water table, then dragline
operation will probably be required
usually stable at 1.5 to 1 or steeper; silt pockets or strata may
slough where seepage occurs
not difficult at moisture contents near optimum; tamping, grid or
pneumatic rollers acceptable
may be serious in cuts
generally good
sandy gravel of variable quality usually found at depths below 5 or 6 ft
generally poor
normal topsoil stripping of 6 to 8 in. recommended beneath low fills;
material encountered in shallow cuts may, when wet, be very
unstable under heavy construction traffic; drainage should be
provided to prevent water standing on surface of cuts or fills
Horizon
0-
20-
3c
o40-
50-
60-
134 CAMDEN SILT LOAM
Test Data Summary
Sampling Location
and Slope
Sample Samp. LL PI 
7
d Opt.
and Depth w
Horizon in. % % pcf %
Mechanical Analysis
Percent Finer
No. No. No. No. No.
1" 1/2" 4 10 40 60 200 50 5t, 2 i
Classification
AASHO USDA Unified
T25N, R6E, Sec 5,
NE 1/4, NW 1/4, SW Cor
1%
T30N, R4E, Sec 29,
SW 1/4, SW 1/4, NE Cor
0.5%
T30N, R4E, Sec 19,
SE 1/4, SE 1/4, E Cent
4%
T30N, R4E, Sec 33,
NW 1/4, SW 1/4, SW Cor
4%
6 A 2-10
6 B 11-21
6 CI 37-49
6 C2 62-76
105 A
105 B
105 Cl
105 C2
138 A
138 a
138 C 1
138 C2
0-6
6-18
18-27
27-42
0-16
16-40
40-58
58-81
100
100
94 90 84 73
96 93 84 76
100 99
100 99 97
100 98 95
100 98
100
100
100
100
141 A 0-16 NP NP -
141 B 16-24 35 18 107 18
141 C 24-28 35 18 110 18
100 99 94
98 94 90 76
98 94 90 82
Summary of Statistical Data
. Index No. of
Horizon Property Testes
Propert sted
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2,
LL
Pl
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
%< 2p
Standard Coefficient Standard Limit of No. ofMean ofVariation Error Accuracy Samples
Deviation of Variation Error Accuracy Required
32.0
7.4
99.8
99.5
96.6
69.0
18.2
30.9
12.4
1 13.6
15.1
98.2
96.8
90.8
64.0
24.6
33.7
12.2
115.3
13.9
94.1
89.6
82.6
47.1
21.7
93 32 19
94 44 36
41 28 24
15 8 6
82 37 25
56 20 15
34 14 1 1
45 20 13
42 16 11
44 21 18
48 27 22
48 27 22
46 23 18
49 36 30
52 34 30
A-4(8)
A-7-6(16)
A-7-6(5)
A-l-b(0)
A-6(10)
A-4(5)
A-4(0)
A-4( 3 )
A-4(3)
A-4(3)
A-4(4)
A-4(4)
A-4(3)
A-6(6)
A-6(7)
OL
CL
SC
SM
CL
CL-ML
SM
SM
SaL SM-SC
SaL SM
SaCL CL
SaCL CL-ML
SaL SM
GSaCL CL
CL CL
145 SAYBROOK SILT LOAM
Soil Association Area: C (3a)
Soil Group: Brunizem
Parent Material: Thin loess, I to 3 ft, on loam
to silt loam till
Topography: Gently sloping I to 7% slope
Surface Drainage: Medium
Internal Drainage: Medium
Pedol
Description
Brown to very dark
brown silt loam
grading to
Brown to dark
grayish brown silt
loam below 6 to
10 in.
Yellowish brown,
mottled with brown,
silty clay loam
Yellowish brown to
gray loam to silt
loam with some
gravel
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
ogical Profile Description and Engineering Characteristics
LL PI 7max OMC % < % < % < % <
No. No. No. No.
% % pcf % 4 10 40 200
38-50 14-24 -- 99-100 99-100 95-100 77-96
% Clay Classification
(< 2,)
AASHO Unified
20-36 A-7-6 CL
A-6 OL
OH
31-52 12-29 99-109 15-22 99-100 98-100 94-100 68-97 23-47
A-6 CHL
A-6 CH
0u-
20-ý
a -
-c
c 30
4o
50
60
Horizon
30-37 12-19 107-116 14-19 98-100 95-100 87-99 67-98 27-41 A-6 CL
Design and Construction Information
moderate cuts and fills
1.0 to 1.5 ft
below 6 ft, fair to good drainage
medium to high susceptibility, F 3 ; very high if silt pockets are exposed, F4
a serious problem where silt or sand pockets are exposed in cuts
usually not difficult; when wet the surface is slippery and often soft
stable at 1.5 to 1; silt pockets.slough rapidly where seepage occurs
not difficult at moisture contents near optimum; heavy tamping rollers
recommended
often serious on both cut and fill slopes until protected; special surface
drainage installations may be required
generally good unless very silty, some drying may be required to reduce
moisture content to optimum
no
good
topsoil stripping of 6 to 8 in.will not normally remove all organic compres-
sible soil, 12 in.or more should be stripped under low fills; exercise
care in breaking up embankment material before it dries to hard lumps;
surfaces of cuts and uncompleted fills absorb rain readily and oftenbecome very unstable under heavy construction traffic; surface drainage
should be provided to eliminate standing water; saturated soil should
be scarified, partially dried and recompacted before subbase or additional
fill is placed
145 SAYBROOK SILT LOAM
Test Data Summary
Sampling Location
and Slope
T25N, R6E, Sec 4,
NW 1/4, SE 1/4
1.5%
T26N, R7E, Sec 7,
SW 1/4, SW 1/4, NW Cor
2%
T29N, R8E, Sec 21,
SE 1/4 NE 1/4, SE Cor
3%
T30N, R8E, Sec 15,
SW 1/4, NW Cor
7%
T30N, R6E, Sec 24,
0.1 mile S of NE Cor
4%
Sample Samp. LL PI Yd Opt.
and Depth w
Horizon in. % % pcf %
5-11
14-30
32-48
50 21 - -
46 24 100 22
30 13 114 16
18 A 4-14 41 19 - -
18 B 16-27 38 21 106 17
18 C 27-40 37 18 107 19
77 A 2-13 41 13 - -
77 B 15-29 30 11 108 16
77 C 35-49 34 15 112 17
161 A 8-15 42 20 - -
161 B 18-29 48 25 102 21
161 C 29-41 35 17 112 17
Mechanical Analysis
Percent Finer
No. No. No. No. No.
I" 1/2" 4 10 40 60 200 50 51 2p
100 98 97 95 94 42 27
100 99 98 96 94 90 88 48 37
100 99 98 96 90 86 79 78 43 30
Classification
AASHO USDA Unified
A-7-6(14) SiCL OH
A-7-6(15) SiCL CL
A-6(9) SiCL CL
100 99 99 94 89 77 74 36 26 A-7-6(12) L
100 99 94 85 66 66 40 32 A-6(ll) CL
100 98 97 93 90 82 80 46 35 A-6(ll) SiCL
100 99 96 88 86 31 21 A-7-6(9) SiL
100 99 95 81 76 34 26 A-6(8) SiL
100 99 98 95 47 38 A-6(10) SiCL
100 99 98
100 98
100 94
5-19 45 21 -
22-40 45 22 104 19
41-57 32 15 115 14
95 87 85 48 37 A-7-6(12) SiCL
96 92 91 61 48 A-7-6(16) SiC
92 86 84 52 39 A-6(ll) SiCL
100 98 96 85 83 40 30 A-7-6(13) SiCL CL
100 98 94 84 82 44 34 A-7-6(14) SiCL CL
100 90 80 68 66 36 28 A-6(9) CL CL
Summary of Statistical Data
No. of
Horizon SamplesHorizon Property Tested
LL
PI
7
max
OMC
% < No.
% < No.
% < No.
% < No.
% < 2V
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p,
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p
Standard Coefficient Standard Limit of No. ofmples
Mean Deviation of Variation Error Accuracy Required' 
43.8 4.0
18.6 3.4
99.8
99.6
97.5
86.5
28.2
41.4
20.4
104.0
18.8
99.7
99.4
96.8
82.7
35.3
33.8
15.5
111.8
16.6
99.2
98.4
93.3
82.8
33.9
J
146 ELLIOTT SILT LOAM
Soil Association Area: E (4a)
Soil Group: Brunizem
Parent Material: Silty sediments, 0 to 2 ft, on
silty clay loam till
Topography: Gently to moderately rolling,
I to 6% slope
Surface Drainage: Medium
Internal Drainage: Medium to slow
Pedological Profile
LL PI
Description
% %
Very dark gray to
dark brown silt loam
grading to
Very dark grayish
brown silt loam to
silty clay loam
below 7 to 10 in.
Brown to dark
grayish brown
silty clay to silty
clay loam
Grayish brown to
brownish gray silty
clay loam with a
little gravel
35-51 13-17
Description and Engineering Characteristics
7max OMC % < % < % < % <
No. No. No. No.
pcf % 4 10 40 200
-- -- 100 100 98-99 82-98 25-31
% Clay Classification
(< 2g)
AASHO Unified
A-7-6
A-7-5
A-6
A-7-6 CL
A-6 CH
A-6 CL
A-7-6
A-4
32-51 15-25 93-111 15-25 100 98-100 94-99 65-100 27-43
29-48 11-27 99-114 15-22 98-100 97-100 91-100 72-95 29-47
Design and Construction Information
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
moderate cuts and fills
1.0 to 1.5 ft
below 6 ft, fair drainage
medium to high susceptibility, F3 ; very high if silt pockets are exposed, F4
not common, temporary where cuts intersect silt pockets
usually not difficult above water table, below water table the material may
not break up readily; surface slippery when wet, bakes hard on drying
stable at 1.5 to 1; exposed silt pockets may slough where seepage occurs
not difficult if layers are of proper thickness and moisture content is near
optimum; heavy tamping rollers recommended
not a serious problem except for silt pockets which erode rapidly
generally good, some drying may be required to reduce moisture content to
optimum
no
good to excellent
topsoil stripping of 6 to 8 in.will not usually remove all organic com-
pressible soil, at least 12 in.should be stripped under low fills;
exercise care in breaking up embankment material before it dries to
hard lumps or is compacted in layers which exceed normal thickness;
surface drainage should be provided in both cut and fill sections to
prevent softening under heavy construction traffic; areas may be
difficult to work during rainy season
Horizon
u-
10-
20-
3 0-.
-c
50.
60-
-
146 ELLIOTT SILT LOAM
Test Data Summary
Sampling Location
and Slope
T25N, R7E, Sec 18,
NE Cor
3%
T28N, R6E, Sec 28,
SW Cor
1%
T27N, R4E, Sec 7,
SE 1/4, SE 1/4, SW Cor
2%
T29N, R7E, Sec 1,
NE 1/4, NE 1/4, N Cent
2%
T29N, R4E, Sec 32,
SE 1/4, NE 1/4, SE Cor
2%
Sample Samp. LL PI 7d Opt.
and Depth w
Horizon in. % % pcf %
4 A 5-12 46 16 - -
4 B 20-39 45 21 102 19
4 C 39-55 28 10 114 15
81 A+ 2-13
81 A 13-31
81 B 31-43
81 C 43-53
87 A
87 B
87 C
98 A
98 B
98 Cl
98 C2
114 A
114 B
114 C
2-15
19-32
40-50
11-17
18-29
36-48
48-69
50 16 - -
48 23 94 25
41 20 106 19
2-11 36 14 - -
13-23 38 18 104 18
26-42 45 25 102 18
Mechanical Analysis
Percent Finer
No. No. No. No. No.
I " 1/2" 4 10 40 60 200 50p 5t 2p1
Classification
AASHO USDA Unifi,
100 98 97 95 95 42 25 A-7-5(12) SiL
100 99 97 95 91 9048 35 A-7-6(13) SiCL
100 98 96 90 87 80 80 44 30 A-4(8) SiCL
100
100 99
100 98 95
100 99 99 96
100 98
100 98
100 99 96
100 98
100 99 97
100 98
100
96 43 30
90 40 30
89 51 37
90 63 47
A-7-6(10) SiCL
A-7-6(9) SiCL
A-7-6(15) SiCL
A-7-6(12) SiC
93 90 40 27 A-7-5(13) SICL
95 94 54 43 A-7-6(15) SiC
91 89 46 36 A-7-6(12) SICL
81 41 30
58 34 29
68 44 38
87 50 38
A-7-6(10)
A-6(7)
A-6(ll)
A-6(ll)
SiCL CL
CL CL
CL CL
SICL CL
t00 98 95 85 81 36 29 A-6(10) SiCL
100 98 94 92 82 79 4O 32 A-6(Il) SICL
100 98 96 85 80 47 40 A-7-6(15) SiC
Summary of Statistical Data
No. of
orizon Prope Samplesrty Tested
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
%< 2g.
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2t
Standard Coefficient Standard Limit of 
Samples
Deviation of Variation Error Accuracy Required
43.0
14.8
100.0
99.9
98.3
90.1
28. 1
41.8
20.2
102.2
19.9
99.7
98.9
96.5
84.1
35.2
38.7
18.8
106.5
18.3
99.4
98.6
95.8
83.5
38.3
147 CLARENCE SILT LOAM
Soil Association Area: G (6a)
Soil Group: Brunizem
Parent Material: Silty sediments, 0 to 2 ft, on
clay drift
Topography: Gently to moderately rolling,
1 to 6% slope
Surface Drainage: Medium
Internal Drainage: Slow to very slow
Pedological Profile Description and Engineering Characteristics
LL PI 7max OMC % < % < % < % <
Description No. No. No. No.
% % pcf % 4 10 40 200
izon
A Grayish brown to
very dark gray silt
- loam to silty clay
loam
grading to
Dark gray silty clay
loam below 6 to 8 in.
B Gray, mottled with
brown, silty clay
to clay
- C Gray silty clay
- to clay
34-60 14-27 -- -- 100 100 96-99 86-98
% Clay Classification
(< 2p)
AASHO Unified
31-39 A-7-6 CL
A-7-5 OH
A-6
44-56 23-30 97-104 18-24 99-100 99-100 96-100 89-99 36-68 A-7-6 CH
CL
40-70 21-44 94-109 18-22 99-100 98-100 96-100 93-99 44-72 A-7-6 CH
CL
0-
10-
20-
30-
0.
40-
50-
6•n
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
moderate cuts and fills
0.5 to 1.0 ft
3-6 ft, fair to poor drainage
medium susceptibility, F3
not common
not too difficult down to 4 ft, below that depth moisture content may be 5
to 10% above optimum and material breaks out in large chunks; surface
very slippery when wet, bakes to a hard dry crust with cracks
stable at 1.5 to I
not difficult if layers are of proper thickness and moisture content is
near optimum; heavy tamping rollers recommended, pneumatic rollers
may impart planes of weakness
generally not a problem; very difficult to stabilize topsoil on slopes
fair to poor; manipulation nearly always necessary to reduce moisture content
no
fair
topsoil stripping of at least 8 in. recommended beneath low fills;
exercise care in breaking up embankment material as it is spread
in order to prevent formation of hard unbreakable lumps or the
compaction of layers which exceed normal thickness; surface
drainage should be provided in both cut and fill sections to
prevent softening under heavy construction traffic; may be
impossible to work these areas during rainy season
Hor
Design and Construction Information60-
147 CLARENCE SILT LOAM
Test Data Summary
Sampling Location
and Slope
T25N, R8E, Sec 2,
SW 1/4, SW 1/4, NW Cor
1.5%
T27N, R8E, Sec 7,
NW 1/4, NW 1/4, SW Cor
3%
T28N, R6E, Sec 23,
NW 1/4, NW 1/4
1%
T28N, R5E, Sec 4,
NE 1/4, NW 1/4, NW Cor
3%
T30N, R5E, Sec 29,
NW 1/4, NE 1/4, NE Cor
2%
Sample Samp. LL PI 7d Opt.
and Depth w
Horizon in. % % pcf %
24 A 3-9 42 18 - -
24 B 16-26 45 25 102 19
24 C 27-38 41 21 106 19
58 A 3-12 62 28 - -
58 B 15-25 55 28 97 23
58 C 25-36 62 34 94 22
71 A 2-12 42 20 - -
71 B 14-24 50 27 101 21
71 C 28-36 50 30 106 18
112 A 0-12 40 17
112 B 14-22 46 24
112 C 22-33 67 43 99 21
146 A 0-14 48 21 94 25
146 B 16-30 54 30 101 20
146 C 31-39 55 33 102 21
Mechanical Analysis
Percent Finer
No. No. No. No. No.
I" 1/2" 4 10 40 60 200 50p 5p 2p
Classification
AASHO USDA Unified
100 96 94 87 84 44 34 A-7-6(12) SiCL
100 99 99 97 95 91 90 72 56 A-7-6(15) C
100 99 98 96 95 93 93 71 54 A-7-6(13) C
100 97 95 92 91 50 36 A-7-5(20) SiCL
100 99 96 95 93 92 56 44 A-7-6(18) SiC
100 98 98 96 94 66 54 A-7-6(20) C
100 98 97 95 95 54 40 A-7-6(13) SiC
100 99 99 97 96 60 48 A-7-6(17) SiC
100 99 98 98 57 48 A-7-6(18) SiC
100 97 94 89 87 43 32 A-7-6(ll) SiCL
100 97 95 92 91 54 42 A-7-6(15) SiC
100 99 98 98 74 63 A-7-6(20) C
100 98
100 99
100 99 97
95 47 34
98 84 69
96 85 72
A-7-6(14) SiCL
A-7-6(19) C
A-7-6(19) C
Summary of Statistical Data
Index No. of
Horizon P er Samples
Property Tested
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p.
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
%< 2p
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2<
Mean Standard Coefficient Standard 
Limit of No. of
Deviation of Variation Error Accuracy Required
47.0
20.8
99.9
99.8
97.2
91.9
35.1
50.1
26.7
100.2
21.0
99.8
99.4
97.6
94.1
52. I
55.2
32.3
101.6
20.3
99.7
99.5
98. I
96.1
58. 1
148 PROCTOR SILT LOAM
Soil Association Area: R (8a)
Soil Group: Brunizem
Parent Material: Silty sediments, 0 to 3 ft, on
stratified glacial outwash
Topography: Gently rolling, I to 4% slope
Surface Drainage: Medium
Internal Drainage: Medium
Pedological Profile Description and
LL PI 7max OMC
Description
% % pcf %
Engineering Characteristics
%< % < %< %<
No. No. No. No.
4 10 40 200
% Clay Classification
(< 2p)
AASHO Unified
Brown to dark brown 21-61 NP-28
silt loam or NP
grading to
Dark brown to
yellowish brown silt
loam below 7 to 11 in.
-- -- 99-100 98-100 96-100 51-100
-B Dark yellowish brown 22-48 7-24 96-120 14-22 95-100 87-100 82-100 47-99 19-36
mottled with yellow-
ish brown clay loam
to silty clay loam
Grayish brown to
yellowish brown
silty to sandy
loam
22-39 2-18 108-119 12-16 80-100 58-100 40-100 5-75 3-32
A-6 CL
A-7-6 SC
A-4 SC
A-6 SM
A-2-4 SP-SC
A-2-6 CL
CL-ML
Remarks: Substrata are stratified silts, sands and gravels, sometimes capped by
a reddish brown gravelly clay loam.
Design and Construction Information
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
shallow to moderate cuts and fills
1.0 to 1.5 ft
below 6 ft, fair to good drainage
low to high susceptibility, F ; sometimes F 2
not serious unless cuts are made below water table
not difficult unless cuts are made below water table, then dragline
operations will probably be required
usually stable at 1.5 to I or steeper; silt pockets or strata may slough
where seepage occurs
not difficult at moisture contents near optimum; tamping, grid or
pneumatic rollers acceptable
may be serious in cuts
generally good
sandy gravel of variable quality usually found at depths below 5 or 6 ft
generally fair
topsoil stripping of at least 8 in. recommended beneath low fills;
material encountered in shallow cuts may, when wet, be very unstable
under heavy construction traffic; drainage should be provided to
prevent water standing on surface of cuts or fills
Horizon
8-47 A-6
A-7-5
A-4
A-7-6
7-
A
148 PROCTOR SILT LOAM
Test Data Summary
Sampling Location
and Slope
Sample Samp. LL PI yd Opt.
and Depth w
Horizon in. % % pcf %
Mechanical Analysis
Percent Finer
No. No. No. No. No.
1" 1/2" 4 10 40 60 200 50p 5p 2p
Classification
AASHO USDA Unified
T26N, R8E, Sec 21,
SW 1/4, SE 1/4, SW Cor
4%
T27N, R6E, Sec 15,
NW 1/4, SW 1/4, 0.2 mile
E of SW Cor, 3%
T28N, R8E, Sec 17,
SE 1/4, 0.1 mile W of
SE Cor, 1%
T29N, R7E, Sec 1,
NW 1/4, NW 1/4, NE Cor
1%
T28N, R5E, Sec 4,
SW 1/4, NW 1/4, SW Cor
1%
20 A 6-19 38 15 - - 99
20 B 20-33 44 24 104 19
20 C 36-45 36 14 ill 16 100
38 A
38 BI
38 B2
38 C
5-20
22-33
39-47
48-56
75 A 1-14
75 B 18-31
75 C 34-52
99 99 98 97 95 93 89 39 29 A-6(10) SiCL CL
100 98 97 95 92 40 35 A-7-6(14) SiCL CL
98 96 94 84 73 61 56 30 25 A-6(7) L CL
100
99 94 85
91 80 63
95 76 52
28 7 - -
29 12 113 16
22 2 117 12
97 A 9-17 NP NP - -
97 B 19-36 25 11 114 14
97 C 48-54 30 10 110 13
ill A*
111 BIll 
ill Cl
111 C2
8-17
22-38
41-49
52-65
78 37 26
72 39 31
38 26 22
22 10 8
A-6(10)
A-7-6(13)
A-7-6(6)
A-2-4(0)
100 99 91 54 51 24 15 A-4(4)
100 99 98 66 66 32 25 A-6(7)
100 99 90 39 39 25 21 A-4(1)
SiL CL
GSiCL CL
GCL SC
GSaL SC
L CL
L CL
SaCL SM
100 99 92 64 61 26 19 A-4(6) L CL
100 98 86 47 47 26 20 A-6(3) SaCL SC
100 99 99 97 82 10 8 7 6 A-2-6(0) Sa SP-SC
100
99 98
99 96
90 79
96 72 50
82 36 26
64 35 28
38 21 18
A-7-5(19)
A-6(9)
A-6(9)
A-6(3)
SiC MH-OH
SiL CL
CL CL
GSaCL SC
* This horizon is not typical of Proctor, it is too fine-grained.
Summary of Statistical Data
.
Index No. of
Horizon SamplesHorizon Property Tested
LL
PI
% < No. 4
% < No. 10
% < No. 40
% < No. 200
%< 2<
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No, 200
% < 2K
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 21
No. of
Standard Coefficient Standard Limit of Samp.le
Mean Deviation of Variation Error Accuracy Required* equi
41.1 13.7
13.0 10.1
99.7
99.6
98.0
77.8
27.6
35.4
15.8
108.0
17.7
98.6
96.6
93.6
72.7
27.4
30.6
10.2
113.7
14.1
94.2
88.1
79.6
40.3
17.8
149 BRENTON SILT LOAM
Soil Association Area: R (8a)
Soil Group: Brunizem
Parent Material: Silty sediments, 0 to 3 ft, on
stratified glacial outwash
Topography: Nearly level to very gently
rolling, 0 to 2% slope
Surface Drainage: Medium to slow
Internal Drainage: Medium
Pedological Profile Description and Engineering Characteristics
Horizon Description
- A Very dark brown
silt loam to silty
- clay loam
grading to
Very dark grayish
- brown silty clay
S loam below 8 to
- 12 in.
- Dark grayish brown,
- mottled with
yellowish brown,
silty clay loam to
clay loam
C Grayish brown to
yellowish brown
silty to sandy loam
or clay loam
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
Ymax OMC
pcf %
%< %<
No. No.
4 10
34-48 10-20 -- - 100 99-100 95-100 59-100
32-48 12-26 96-111 16-22 100 99-100 95-100 68-100
% Clay Classification
(< 2V)
AASHO Unified
17-30 A-7-6 OL
27-40 A-6
A-7-6
30-38 16-18 103-115 14-19 99-100 96-100 87-99 46-92 19-42 A-6
Design and Construction Information
shallow fills
1.0 to 1.5 ft
3-6 ft, poor drainage
Remarks: Substrata are stratified
silts, sands and gravels.
medium to high susceptibility, F3
serious in cuts below water table
not difficult unless cuts are made below water table; then dragline
operation will probably be required; slippery when wet
usually stable at 1.5 to I or steeper; silt pockets or strata may slough
where seepage occurs
not difficult at moisture contents near optimum; tamping rollers usually
most satisfactory
may be serious on both cut and fill slopes
generally good below 3 ft, drying may be required to reduce moisture
content to optimum
silty sands, sometimes with significant gravel usually found at depths
below 6 ft
good to excellent
topsoil stripping of 6 to 8 in.will not normally remove all organic
compressible soil, 12 inror more should be stripped under low fills;
at high water contents may be very unstable under heavy construction
traffic; material absorbs water readily and after rains should be
scarified,partially dried and recompacted prior to placing subbase
or more fill; drainage should be provided to prevent water standing
on surface of cuts or fills
0-
10-
20-
-c
30-
40-
50
60
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149 BRENTON SILT LOAM
Test Data Summary
Sampling Location
and Slope
T25N, R8E, Sec 9,
SE 1/4, SW 1/4, SE Cor
1%
T27N, R6E, Sec 17,
SE Cor
0.5%
T28N, R7E, Sec 33,
NE 1/4, NE 1/4, NW Cor
0.5%
T30N, R8E, Sec 32,
NE 1/4, NW 1/4, NW Cor
1%
T30N, R3E, Sec 30,
SW 1/4, SE 1/4, SW Cor
1%
Sample Samp. LL PI 
7
d Opt.
and Depth w
Horizon in. % % pcf %
27 A 4-15 44 15 - -
27 B 19-34 47 25 98 19
27 C 45-55 30 16 110 14
39 A
39 B
39 C
39 C2
4-23
26-36
40-51
51-64
66 A 3-13 42 15 - -
66 B 16-30 36 13 101 21
66 C 37-48 37 16 105 18
103 A 10-17 40 14 - -
103 B 19-37 37 20 112 16
103 C 40-50 34 16 115 15
A 5-17 46 19 - -
B 17-35 45 22 102 20
C 35-48 34 18 110 16
Mechanical Analysis
Percent Finer
No. No. No. No. No.
1" 1/2" 4 10 40 60 200 50p 51 2 p
Classification
AASHO USDA Unified
100 97 94 89 87 39 26 A-7-6(11) SiL
100 98 95 91 90 47 40 A-7-6(15) SiC
100 98 91 72 43 40 25 20 A-6(3) SaCL
100
100
100 99
98 96
70 30 20
77 38 30
62 33 26
39 26 21
A-4(7)
A-6(10)
A-6(9)
A-6(4)
SiL OL
CL CL
L CL
SaCL SC
100 98 95 86 84 36 23 A-7-6(10) SiL
100 99 96 90 89 42 28 A-6(9) SiCL
100 99 94 81 80 49 40 A-6(10) CL
100 99 98 91 59 58 28 20 A-6(6)
100 99 98 91 67 66 40 33 A-6(10)
100 98 96 89 85 79 77 42 33 A-6(10)
100
99 99
L OL
CL CL
SiCL CL
99 98 95 92 43 31 A-7-6(13) SiCL
100 99 93 89 42 35 A-7-6(14) SiCL
96 91 77 73 43 34 A-6(ll) CL
Summary of Statistical Data
Inde No. of
Ho r z o n 
PropertySamplesHorizon roperty Tested
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2,,
LL
PI
7max
OMC
% < No.
% < No.
% < No.
% < No.
% < 2p
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2,
No. of
Standard Coefficient Standard Limit of Samples
Deviation of Variation Error Accuracy Required
41.1 4.7
14.7 3.4
99.9
99.8
97.4
80.0
23.9
39.9
18.9
103.3
18.8
99.9
99.7
97.8
83.8
33.3
34.3
16.8
109.1
16.2
99.4
98.4
92.9
68.7
30.5
150 ONARGA SANDY LOAM
Soil Association Area: R, S (7a, 8a)
Soil Group: Brunizem
Parent Material: Sandy sediments
Topography: Gently to moderately rolling,
I to 5% slope
Surface Drainage: Medium
Internal Drainage: Rapid
Horizon
Pedc
Description
Brown sandy loam
grading to
Brownish yellow
sandy loam below
4 to 8 in.
Brownish yellow
sandy clay loam
to loam
Yellow to brownish
yellow sand to
sandy loam
Remarks:
Stratified sands,
below 4 ft.
Al ignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material
Source of topsoil:
Special recommendations:
logical Profile Description and Engineering Characteristics
LL PI 
7
max OMC % < % < % < % <
No. No. No. No.
% % pcf % 4 10 40 200
18-32 NP-10
or NP
- -- 100 99-100 97-99 25-59
16-33 NP-15 107-122 11-18
or NP
-- NP 109-122 11-16
100 97-100 27-62
100 99-100 96-100 13-32
% Clay Classification
(< 21)
AASHO Unified
9-14 A-4 SM
A-2-4 SM-SC
CL
7-26 A-4 SM-SC
A-6 SM
A-2-4 CL
SC
7-18 A-2-4 SM
SP-SM
0-
20-
5 -
0-.
C -§40-
50-
60-
moderate cuts and fills
1.0 to 1.5 ft
below 6 ft, good drainage
low to high susceptibility, F , sometimes F 2
to be expected in cuts below water table or if strata of silts or clay
are exposed
easily made above water table, below dragline operation probably required
stable at 1.5 to I above water table; below sheeting may be required
close control of moisture required; grid or pneumatic rollers usually
preferable
by wind and water unless slopes are protected
fair to good depending on depth to water table
sand or silty sand
poor
usually only stripping of vegetation required beneath low fills; after
rains and close to water table, surface may be extremely unstable
under heavy construction traffic; if cuts below water table are
made with common scrapers, surface drainage ditches must be carefully
maintained
silts, clays and gravels or glacial till may be found
Design and Construction Information
-
150 ONARGA SANDY LOAM
Test Data Summary
Sampling Location
and Slope
T30N, R8E, Sec 22,
SE 1/4, SW 1/4, SE Cor
2%
T30N, R8E, Sec 34,
SE 1/4, NE 1/4, SE Cor
3%
T26N, R6E, Sec 25,
SW 1/4, SE Cor
3%
T27N, R6E, Sec 34,
NW 1/4, NE 1/4, NE 1/4,
SE Cor, 3%
T28N, R5E, Sec 3,
NE 1/4, 0.2 mile W,
NE Cor, 4%
Sample Samp. LL PI 7d Opt.
and Depth w
Horizon in. % % pcf %
Mechanical Analysis
Percent Finer
No. No. No. No. Mo.
I" 1/2" 4 10 40 60 200 50p 5, 2p
2 A 7-17
2 81 20-32
2 B2 35-48
2 C 48-66
14-26
34-42
45-60
30 14 10
26 12 9
37 22 17
20 14 14
NP NP - -
28 II 109 18
NP NP 109 15
11 A 6-25 22 5 - -
11 B 29-37 18 3 120 12
II C 37-60 NP NP 118 12
62 A 2-12 31 10 - -
62 B 16-31 30 14 108 17
62 C 33-46 19 NP 118 12
96 A 2-24
96 B 24-43
96 C 43-60
23 4 - -
20 4 117 13
NP NP 119 12
Classification
AASHO USDA Unified
A-2-4(0)
A-2-4(0)
A-4(1)
A-2-4(0)
100 99 98 84 30 25 12 10 A-2-4(0) SaL
100 99 92 54 54 32 25 A-6(4) L
100 99 94 12 11 8 7 A-2-4(0) Sa
100 97 82 46 46 20 13 A-4(2) SaL
100 97 79 38 38 18 13 A-4(l) SaL
100 98 96 76 30 28 19 17 A-2-4(0) SaL
100 98 93 60 59 23 13 A-4(5) L
100 98 93 60 60 29 21 A-6(7) L
100 98 91 25 21 16 13 A-2-4(0) SaL
99 99 98 87 39 38 17 10 A-4(I) SaL
100 99 88 39 38 19 14 A-4(l) SaL
100 99 86 23 22 15 14 A-2-4(0) SaL
SM
CL
SP-SM
SM-SC
SM
SM
CL
CL
SM
SM
SM
SM
Summary of Statistical Data
No. of
Ho rz on  
Prop Samp esHorizon Property Tested
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p,
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2uj
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p
No. of
Standard Coefficient Standard Limit of SamplesMean Deviation of Variation Error Accuracy Required
25.2 4.8
3.6 4.1
99.9
99.7
98.2
42.2
11.2
24.2
6.3
114.3
14.6
100.0
99.9
98.3
44.6
16.5
0
115.3
13.3
100.0
99.6
98.3
22.8
12.8
18.8
112.7
0.3
0.4
0.8
27.6
15.0
24.1
91.6
4.6
17.0
0.1
1.1
26.9
38.5
3.7
11.6
0.7
1.6
29.0
29.3
152 DRUMMER SILTY CLAY LOAM
Soil Association Area: C, H, R (3a, 8a) Topography: Nearly level to depressional,
0 to 0.5 % slopes
Soil Group: Humic-Gley Surface Drainage: Slow
Parent Material: Silty local wash and loess, 2 to Internal Drainage: Medium to slow
5 ft, on loamy glacial drift
Pedological Profile Description and Engineering Characteristics
LL PI 7max OMC % < % < % < % < % Clay Class
rizon Description No. No. No. No. (< 2i.)
% % pcf % 4 10 40 200 AASHO
A Black silty clay 40-59 14-31 -- -- 99-100 98-100 89-100 58-100 24-44 A-7-6
loam to clay loam
grading to
Very dark gray silty
clay loam to clay
loam below 10 to
16 in.
Brownish gray,
mottled with
yellowish brown,
silty clay loam to
clay loam
Gray loam to silty
clay loam
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
33-53 16-29 98-114 15-20 99-100 97-100 86-100 58-99 24-44
22-46 7-28 104-122 11-18 97-100 94-100 77-100 53-86 13-45
Design and Construction Information
ification
Unified
CL
A-7-5 OH
A-6 CH
OL
A-7-6 CL
A-6 CH
A-6
A-7-6
A-4
shallow fills Remarks: Substrata may sometimes
1.5 to 2.0 ft be sandy or gravelly.
0-3 ft, very poor drainage
medium to high susceptibility, F3
a serious problem if pockets or strata of silt or sand are exposed
can be made easily above water table during dry season, when wet the surface
is slippery and very soft
usually stable at 1.5 to 1; silt pockets or strata slough rapidly where
seepage occurs
not difficult at moisture contents near optimum; heavy tamping rollers
recommended
often serious on both cut and fill slopes, special surface drainage
installations may be required
generally good below 3 ft; drying usually required to reduce moisture
content to optimum
generally no, but where associated with Proctor (148) may yield sand
or sandy gravel below 6 ft
excellent
topsoil stripping of 6 to 8 in.will not usually remove all organic
compressible soil, 18 in.or more should be stripped under low fills;
at high water contents very unstable under heavy construction
traffic; preferable to elevate grade line 4 to 5 ft and not
attempt to strip topsoil
Ho
0-
10-
20-
-30-
a.
540-
50-
bU
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152 DRUMMER SILTY CLAY LOAM
Test Data Summary
Sampling Location
and Slope
Sample Samp. LL PI 
7
d Opt.
and Depth w
Horizon in. % % pcf %
Mechanical Analysis
Percent Finer
No. No. No. No. No.
1" 1/2" 4 10 40 60 200 50P S5t 24.
Classification
AASHO USDA Unified
T25N, R6E, Sec 2,
NE 1/4, NE 1/4, NW Cor
0%
T27N, R5E, Sec 9,
SW 1/4, SE 1/4
0%
T28N, R7E, Sec 6,
SW 1/4, 0.2 mile E,
SW Cor, 0.5%
T30N, R8E, Sec 28,
NW 1/4, NW 1/4, W Cent
0%
T30N, R3E, Sec 35,
NE 1/4, NW 1/4, NW Cor
0%
9 A 7-20
9 B 27-39
9 Cl 41-55
9 C2 57-80
19
16
13 100
45 A 7-20 49 22 - -
45 B 23-35 43 21 - -
45 Cl 35-44 35 17 108 14 100
79 A 2-18 54 23 - -
79 B 23-35 51 27 100 19
79 Cl 37-51 49 30 106 18
102 A
102 B
102 C
6-18
22-38
52-76
14 - -
17 114 15
16 119 14
121 A 3-17 55 30 - -
121 B 17-36 41 22 105 17
121 Cl 36-50 27 13 119 11
100 99
100
100 99
99 96 92
91 47 34
91 45 35
77 31 24
65 31 21
A-7-6(15) SiCL
A-7-6(16) SiCL
A-6(9) SiL
A-4(6) L
CL
CL
CL
CL-ML
99 98 87 80 73 72 39 28 A-7-6(15) CL
100 98 97 84 75 68 66 35 26 A-7-6(ll) CL
99 97 94 76 65 55 53 27 21 A-6(7) L
100 98 96 93 89 52 40 A-7-5(16) SiC
100 99 99 96 91 84 84 53 44 A-7-6(17) SiC
100 99 95 90 81 80 53 47 A-7-6(18) C
100 99 91 57 56 31 24 A-6(6)
100 99 90 60 58 34 29 A-6(8)
100 99 98 95 88 68 67 40 31 A-6(8)
100 99
100 99
100 99 96
88 50 41 A-7-6(19) SiC
87 40 33 A-7-6(13) SiCL
61 26 22 A-6(7) L
Summary of Statistical Data
Sndex No. of
Horizon Property Smples
Prop Tetted
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 21,
LL
PI
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2n
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2V
Standard Coefficient Standard Limit of No. of
Mean Deviation of Variation Error Accuracy Required
* Required
49.3
22.5
99.7
99.3
95.8
80.6
33.6
42.8
22.8
105.9
17.5
99.5
98.8
94.4
78.8
33.6
34.0
17.8
112.9
14.6
98.7
97.1
89.7
69.6
29.0
154 FLANAGAN SILT LOAM
Soil Association Area: E, H (3a, 4a) Topography: Gently rollinc
Soil Group: Brunizem Surface Drainage: Medium
Parent Material: Loess, 31 to 5 ft, on loam to Internal Drainage: Medium
silty clay loam till
Pedological Profile Description and Engineering Characteristics
LL PI 
7
max OMC % < % < % < % <
rizon Description No. No. No. No.
% % pcf % 4 10 40 200
A Brown to dark 45-55 15-26 -- -- 99-100 99-100 98-99 92-98
grayish brown silt
loam
grading to
Dark yellowish
brown silt loam
below 5 to 8 in.
Yellowish brown,
mottled with brownish
gray, silty clay
loam
Yellowish brown
silt loam
Yellowish brown
to gray loam to
silty clay loam
42-52 16-31 96-105 18-23 100 100 98-100 95-98
31-49 11-29 100-115 15-22 98-100 96-100 94-100 85-100
11-36 NP-17 111-127 8-18 84-100 77-100 63-100 16-100
9, I to 4% slope
to slow
% Clay Classification
(< 21)
AASHO Unified
26-38 A-7-6 OH
A-7-5 OL
CH
29-44 A-7-6 CL
CH
17-63 A-6 CL
A-7-6
9-33 A-4
A-6
A-2-4
CL
CL-ML
SM
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
Design and Construction Information
shallow cuts and fills
1.0 to 1.5 ft
3-6 ft, poor to fair drainage
medium to high susceptibility, F3
to be expected at contact between C and D horizon and in cuts below water
table
usually not difficult above water table, when wet the surface is slippery
and soft
stable at 1.5 to 1; slough rapidly where seepage occurs
not difficult at moisture contents near optimum; heavy tamping rollers
recommended
often serious on both cut and fill slopes until protected; special surface
drainage installations may be required
fair to good depending on silt content, drying may be required to reduce
moisture content to optimum
no
good to excellent
topsoil stripping of 6 to 8 in. will not normally remove all organic com-
pressible soil, 12 in.or more should be stripped under low fills; at
high water contents very unstable under heavy construction traffic;
material absorbs water readily and after rains should be scarified,
partially dried and recompacted prior to placing subbase or more fill;
drainage should be provided to prevent water standing on surface of
cuts or fills
Hoi
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154 FLANAGAN SILT LOAM
Test Data Summary
Sampling Location
and Slope
T28N, R3E, Sec 26,
NW 1/4, SW 1/4, NW Cor
1%
T28N, R3E, Sec 14,
NW 1/4, SW 1/4, NW Cor
1%
T28N, R3E, Sec 6,
NE 1/4, SE 1/4, SE Cor
4%
T29N, R3E, Sec 27,
SE 1/4, SW 1/4, S Cent
3%
T29N, R3E, Sec 17,
SW 1/4, SW 1/4, SE Cor
3%
Sample Samp. LL P1 7d Opt.
and Depth w
Horizon in. % % pcf %
88 A 2-16 44
88 B 19-34 45
88 C 37-45 30
88 D 47-62 17
89 A
89 B
89 C*
89 DO
89 02
4-18
22-38
38-54
67-73
73-79
116 A 2-10 52 24 - -
116 B 15-28 48 27 105 20
116 C* 32-42 45 25 110 18
117 A 4-15 51
117 B 18-37 44
117 C 37-50 37
117 D 50-67 27
119 A 3-17 52
119 B 19-34 52
119 C 34-48 43
119 D 48-67 35
Mechanical Analysis
Percent Finer
No. No. No. No. No.
1" 1/2" 4 10 40 60 200 50p 5p 2«
100
100
100 98 96
100 97 88 82
99 99
100
95 92 88 83
100 98 95
90 39 27
93 41 31
79 26 21
32 26 13
93 38 28
96 45 37
92 70 58
37 18 15
62 36 29
Classification
AASHO USDA Unified
A-7-6(ll) SiCL
A-7-6(13) SiCL
A-6(8) SiL
A-2-4(0) GSaL
A-7-5(13)
A-7-6(14)
A-7-6(15)
A-4(l)
A-4(6)
OH-MH
CL
CL
SM
CL
100 98 97 96 95 47 37 A-7-6(16) SiCL CH
99 99 99 98 96 94 46 39 A-7-6(16) SiCL CL
99 98 97 96 94 93 70 55 A-7-6(15) C CL
100
100
100
99 98
94 42 32
95 43 33
92 35 30
75 32 24
96 45 36
97 51 44
98 48 39
96 40 31
A-7-5(14) SiCL
A-7-6(12) SiCL
A-6(10) SiCL
A-4(8) SiL
A-7-6(16) SiCL
A-7-6(18) SiC
A-7-6(13) SiCL
A-6(IO) SiCL
* These horizons are not typical of Flanagan, they are too fine-grained.
Summary of Statistical Data
No. of
Horizon  ndex Samples
Horizon Property Tested
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2v
LL
Pl
7max
OMC
% < No.
% < No.
% < No.
% < No.
% < 2'
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p
Mean Standard Coefficient Standard Limit of No. of
Deviation of Variation Error Accuracy Samples
Required
50.1
20.2
99.8
99.8
98.5
95.5
31.9
47.2
23.7
100.9
20.7
99.9
99.9
98.8
96.6
36.6
39.8
19.9
107.7
18.3
99.3
98.9
97.6
93.3
40.3
23.6
6.3
118.7
13.3
93.6
90.7
84.1
62.7
20.9
6.4
19.1
0.4
0.4
0.4
2.1
13.9
6.9
21.5
3.0
7.3
0.3
0.3
0.6
1.1
13.7
15.7
30.9
4.9
13.1
1.0
1.7
2.5
6.1
39.2
37.6
121.2
4.6
25.3
7.2
10.5
17.6
51.8
40.1
156 RIDGEVILLE SANDY LOAM
Soil Association Area: R, S (7a, 8a)
Soil Group: Brunizem
Parent Material: Sandy sediments
Topography: Nearly level to gently rolling,
0 to 2% slope
Surface Drainage: Medium
Internal Drainage: Rapid
Descripti
Brown to dark
grayish brown
sandy loam
grading to
Grayish brown
yellowish brow
sandy loam bel
6 to 12 in.
Grayish brown,
mottled with y
ish brown, san
clay loam to c
loam
Gray to yellow
brown sand to
sandy loam
Remarks:
Stratified san
below 4 ft.
Pedological Profile Description and Engineering Characteristics
LL PI 7max OMC % < % < % < % <
on No. No. No. No.
% % pcf % 4 10 40 200
21-37 5-13 -- - 100 99-100 88-100 30-74
to
n
ow
20-36 5-18 101-121 12-20 98-100 94-100 83-100 26-64
ellow-
dy
lay
ish -- NP-20 103-121 11-17 98-100 96-100 68-100 5-69
ds,
% Clay Classification
(< 2p)
AASHO Unified
8-24 A-4 CL
A-6 SC
SM-SC
14-29 A-6
A-4
A-2-4
A-2-6
11-27 A-2-4
A-6
A-4
SC
SM-SC
CL
SM
SC
CL
SM-SC
silts, clays and gravels or glacial till may be found
Design and Construction Information
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material
Source of topsoil:
Special recommendations:
shallow fills
1.0 to 2.0 ft
3-6 ft, fair drainage
medium to high susceptibility, F3
to be expected in cuts below water table or if strata of silt or clay
are exposed
easily made above water table, below dragline operation may be required
stable at 1.5 to I above water table, below sheeting may be required
close control of moisture may be required; tamping, grid or pneumatic
rollers usually acceptable
by water and often by wind unless slopes are protected
fair to good depending on depth to water table
sand or silty sand, occasionally gravel
fair
normal topsoil stripping of 6 to 8 in. recommended beneath low fills;
after rains and close to water table, surface may be extremely
unstable under heavy construction traffic; if cuts below water
table are made with common scrapers, surface drainage ditches
must be carefully maintained
Horizon
0-
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156 RIDGEVILLE SANDY LOAM
Test Data Summary
Sampling Location
and Slope
T29N, R8E, Sec 2,
NW 1/4, NW 1/4, NW Cor
1%
T26N, R6E, Sec 35,
NE 1/4, SE Cor
2%
T25N, R7E, Sec 2,
NW 1/4, SW Cor
1.5%
T27N, R4E, Sec 24,
SW 1/4, NW Cor
2%
T28N, R5E, Sec 15,
SW 1/4, NW Cor
1%
Sample Samp. LL PI yd Opt.
and Depth w
Horizon in. % % pcf %
4-15
20-32
36-42
44-52
10 A 6-18
10 B 23-39
10 C 41-57
Mechanical Analysis
Percent Finer
No. No. No. No. No.
I " 1/2" 4 10 40 60 200 50p 5p 2g
100 99
100 99
100 98
100 99 98
28 9 - -
29 15 114 15
NP NP 117 12
32 A 4-20 24 7 - -
32 B 25-35 20 4 120 12
32 C 38-54 NP NP 117 12
43 A 6-17
43 B 22-33
43 C 39-47
103 18
102 14
93 A 2-16 26 7 - -
93 B 20-32 27 10 112 15
93 C 33-41 39 18 109 16
45 23 15
34 27 24
22 19 16
81 58 44
Classification
AASHO USDA Unified
A-4(2) SaL
A-2-6(0) SaCL
A-2-4(0) SaL
A-7-6(12) C
100 98 87 59 58 26 17 A-4(5) L
100 98 86 55 53 30 24 A-6(6) L
100 98 83 34 32 22 20 A-2-4(0) SaCL
100 97 82 42 41 18 12 A-4(1) SaL
100 97 78 35 34 20 14 A-2-4(0) SaL
100 97 78 18 18 12 11 A-2-4(0) LSa
100 98 91 76 75 35 25 A-6(10)
100 98 88 64 62 34 27 A-6(8)
100 99 96 89 74 71 38 25 A-6(10)
100 98 86 69 38 38 16 11 A-4(1)
100 98 93 81 65 38 38 22 18 A-4(l)
100 98 95 63 51 37 36 26 23 A-6(2)
CL
CL
SM
SC
SC-SM
SM
SaL SM-SC
SaCL SC
SaCL SC
Summary of Statistical Data
No. of
Index Samp es
rizon Property Tested
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
%< 2p
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
%< 2p
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
%< 2p
Standard Coefficient Standard Limit of Samplese a n  
Deviation of Variation Error Accuracy Reuired
Required
29.0
9.1
99.9
99.5
95.3
52.2
15.9
28.0
11.2
111.0
15.8
99.4
98.3
94. 1
45.1
21.5
6.5
111.7
14.2
99.5
98.5
89.5
37.2
19.1
18.3
30.6
0.2
0.6
5.3
29.3
35.5
19.8
39.1
6.0
18.3
1.0
3.2
7.8
29.4
23.9
137.6
5.6
14.3
0.8
2.0
16.8
59.5
29.5
157 RANKIN SANDY LOAM
Soil Association Area: E (4a)
Soil Group: Brunizem
Parent Material: Sandy sediments, 2 to 4 ft, on
silty clay loam till
Topography: Gently to moderately sloping,
I to 5% slope
Surface Drainage: Medium
Internal Drainage: Medium to slow
Pedological Profile Description and Engineering Characteristics
LL PI 7max 0MC % < % < % < % <
Description No. No. No. No.
% % pcf % 4 10 40 200
Brown to very dark 14-32 1-11
grayish brown sandy
loam
grading to
Yellowish brown sandy
loam below 6 to 10 in.
Yellowish brown
sandy clay loam
Yellowish brown
sandy loam
Yellowish brown
silty clay loam
-- -- 99-100 99-100 95-100 26-59
17-28 NP-12 114-123 11-14 98-100 97-100 93-100
or NP
% Clay Classification
(< 2p)
AASHO Unified
8-23 A-4
A-2-4
A-6
22-54 12-23
SM
SC
SM-SC
A-4 SM-SC
A-2-4 SM
A-6 SC
CL
Insufficient data available to estimate the average properties of this horizon.
24-41 11-20 106-121 11-20 97-100 95-100 91-97 70-94
Design and Construction Information
24-55 A-6 CL
A-4
A-7-6
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material
Source of topsoil:
Special recommendations:
shallow cuts and fills
1.0 to 2.0 ft
3-6 ft, fair to good drainage depending on depth to underlying till
low to high susceptibility, F ; sometimes F2
to be expected at contact between sandy sediments and underlying till
not usually difficult unless cuts extend several ft into till, then material
may not break up readily; surface may be slippery
stable at 1.5 to I, some sloughing will occur if silty areas are exposed
close control of moisture required for sandy sediments, till will usually
need to be dried to optimum; grid, pneumatic or tamping rollers
acceptable
sandy sediments eroded by both wind and water unless slopes are protected
fair to good
a maximum of 3 to 4 ft of sandy or silty sand
poor
depending on organic content, 4 to 8 in.of topsoil stripping should be
made beneath low fills; after rains and close to water table, the
sandy sediments may be extremely unstable under heavy construction
traffic; characteristics of the underlying till are similar to the
C horizon of Elliott silt loam (No. 146)
Hor i zon
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157 RANKIN SANDY LOAM
Test Data Summary
Sampling Location
and Slope
T29N, R8E, Sec 5,
NW 1/4, NW 1/4, NW Cor
3%
T29N, R5E, Sec 20,
NE 1/4, SE 1/4, E Cent
4%
T30N, R8E, Sec 14,
NW 1/4, NW 1/4, NE 1/4,
NW Cor, 2%
T28N, R6E, Sec 30,
NW 1/4, NW 1/4, NE Cor
2%
Sample Samp. LL PI 7d Opt.
and Depth w
Horizon in. % % pcf %
99 A 7-26 20 2 - -
99 B8 28-36 20 4 122 12
99 D 39-57 39 20 108 19
155 A 0-25 31 9 - -
155 B 25-52 26 10 115 14
155 C 52-72 NP NP 122 II
162 A 2-22
162 8 23-36
162 C 36-65
162 D 67-79
Mechanical Analysis
Percent Finer
No. No. No. No. No.
1" 1/2" 4 10 40 60 200 50P 5P 2p
Classification
AASHO USDA Unified
100 99 99 95 84 33 32 18 12 A-2-4(0) SaL
100 98 97 93 80 38 36 20 17 A-4(1) SaL
100 98 95 93 90 90 66 51 A-6(12) C
100 99 92 57 55 28 23 A-4(4) L
100 99 92 50 48 26 22 A-6(3) SaCL
100 99 92 40 34 16 13 A-4(1) SaL
100
100
100 98
100 99
168 A 10-16 18 3 119 12
168 B 22-54 NP NP 119 12
168 D 57-71 27 14 118 13
100
100
99 97 95
44 21 15
42 24 19
19 14 13
82 52 40
A-4(2)
A-4(1)
A-2-4(0)
A-6(10)
88 33 32 16 11 A-2-4(0) SaL
85 24 23 15 13 A-2-4(0) SaL
86 73 70 38 30 A-6(9) CL
Summary of Statistical Data
No. of
H o r i z o n  Proper SamplesHorizon ty Tested
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2l
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p,
All
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2g
No. of
Standard Coefficient Standard Limit of Samples
Mean Deviation of Variation Error Accuracy Required
26.0
61.9
0.4
0.7
1.8
27.2
34.3
16.7
82.1
2.4
8.4
0.9
1.6
3.2
28.8
21 .0
23.3
6.0
99.8
99.7
97.5
42.2
15.3
22.5
5.7
118.6
12.2
99.6
99.2
97.2
38.5
17.7
32.8
16.0
113.5
15.8
98.7
97.6
94. 1
82.2
39.7
CL
Ssc
SM
SaL SC
SaL SC
SaL SM
SiCL CL
158 VANCE SILT LOAM
Soil Association Area: R (8b)
Soil Group: Gray-Brown Podzolic
Parent Material: Silty sediments, 0 to 3 ft, on
stratified glacial outwash
Topography: Nearly level to gently rolling,
I to 4% slope
Surface Drainage: Medium
Internal Drainage: Medium
Descriptio
Yellowish gray
brownish gray
loam
Pedological Profile Description and Engineering Characteristics
LL PI 
7
max OMC % < % < % < % <
n No. No. No. No.
% % pcf % 4 10 40 200
to
silt
24-47 6-20 -- -- 98-100 96-100 87-100 54-100
grading to
Light yellowish brown
silt loam below 5
to 8 in.
Yellowish brown to 30-52 14-30 100-110 14-19 96-100 93-100 84-100 49-95
brownish yellow
silty clay loam to
clay loam
Yellowish brown to 25-34 NP-18 108-121 12-16 90-100 84-100 57-100
gray silty to or NP
sandy loam
Remarks:
Substrata are stratified silts, sands, and gravels, sometimes capped by a
reddish brown gravelly clay loam.
% Clay Classification
(< 2n)
AASHO Unified
10-33 A-6 CL
A-4 OL
A-7-6
22-41 A-7-6 CL
A-6 CH
11-22 A-4
A-2-4
A-2-6
A-6
SC
SM
SM-SC
CL
Design and Construction Information
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
shallow to moderate cuts and fills
approximately 1.0 ft
below 6 ft, fair to good drainage
low to high susceptibility, F3 ; substrata sometimes F2
not serious unless cuts are made below water table
not difficult unless cuts are made below water table, then dragline
operation will probably be required
usually stable at 1.5 to I or steeper; silt pockets or strata may slough
where seepage occurs
not difficult at moisture contents near optimum, tamping, grid or
pneumatic rollers acceptable
may be serious in cuts
generally good
sandy gravel of variable quality usually found at depths below 5 or 6 ft
generally poor
normal topsoil stripping of 6 to 8 in. recommended beneath low fills;
material encountered in shallow cuts may, when wet, be very unstable
under heavy construction traffic; drainage should be provided to
prevent water standing on surface of cuts or fills
Horizon
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158 VANCE SILT LOAM
Test Data Summary
Sampling Location
and Slope
T27N, R6E, Sec 10,
SE 1/4, NW Cor
1%
T27N, R5E, Sec 17,
NW 1/4, NE 1/4
0.5%
T27N, R7E, Sec 5,
NE 1/4, 0.1 mile E,
NW Cor, 0.5%
T29N, R5E, Sec 6,
NE 1/4, NE 1/4, SW Cor
2%
T28N, R5E, Sec 25,
NE 1/4, NE 1/4, SW Cor
1%
Sample Samp. LL PI 7d Opt.
and Depth w
Horizon in. % % pcf %
41 A
41 B
41 Ci
41 C 2
2-12
13-28
31-42
42-57
44 A 3-13
44 B 19-30
44 C 38-48
35 11 - -
37 20 101 15
33 18 108 15
64 A 4-13 34 12 - -
64 B 19-33 47 27 103 19
64 C 37-48 31 10 118 13
144 A 0-13 41 18 - -
144 B 16-32 50 28 104 18
144 C 36-48 29 7 114 15
167 A
167 B
167 C
11-18
18-36
48-70
24 7 - -
37 21 110 15
NP NP 120 12
Mechanical Analysis
Percent Finer
No. No. No. No. No.
1" 1/2" 4 10 40 60 200 501 51 2i
100 99 98
100
100
100 97
100
100
100oo 99 98
90 37 24
60 32 24
50 24 17
20 12 9
Classification
AASHO USDA Unified
A-7-6(12)
A-6(8)
A-4(4)
A-2-4(0)
89 77 68 66 24 15 A-6(7) SiL
98 78 59 56 34 26 A-6(9) L
68 41 28 26 21 16 A-2-6(l) SaL
100 98 96 89 81 66 64 30 23 A-6(7) L
100 95 92 82 75 65 62 38 33 A-7-6(14) CL
100 98 89 81 63 55 41 40 24 20 A-4(l) SaCL
100 99 99 98 93 41 34 A-7-6(12) SiCL
100 99 94 47 40 A-7-6(17) SiC
100 99 99 99 99 97 88 23 18 A-4(8) SiL
100 93 82 64 62 24 14 A-4(6) L
100 95 86 71 70 40 33 A-6(12) CL
100 99 98 79 61 19 17 12 10 A-2-4(0) LSa
Index No. of
Horizon y SamplesHorizon Property Tested
Summary of Statistical Data
Standard Coefficient
Deviation of Variation
No. of
Standard Limit of 
N o
S 
o f
Error Accuracy Required
35.5 7.9
13.3 4.7
99.4
98.6
93.3
76.9
21.9
40.9
22.2
105.0
16.6
99.0
98.3
94.2
71.6
31.4
29.6
8.6
114.4
13.7
97.2
95.2
81 .1
48.4
16.5
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
%< 2V
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p
159 PILOT SILT LOAM
Soil Association Area: R (8a)
Soil Group: Brunizem
Parent Material: Silty sediments, 0 to 3 ft, on
stratified glacial outwash
Topography: Nearly level to gently sloping,
0 to 4% slope
Surface Drainage: Medium
Internal Drainage: Medium to rapid
Pedological Profile Description and Engineering Characteristics
LL PI 7max OM C % < % < % < % <
Description No. No. No. No.
% % pcf % 4 10 40 200
Brown to dark
grayish brown silt
loam to loam
grading to
Dark yellowish brown
silt loam to loam
below 6 to 9 in.
Dark yellowish
brown silty clay
loam to sandy
clay loam
Yellowish to
grayish brown
sandy loam to
sandy clay loam
23-50 4-25 - -- 98-100 92-100 77-96 39-82
NP-34 90-121 11-23 81-100 74-100 41-100 12-96
NP-27 104-121 12-15 68-100 56-100 14-100 22-34
% Clay Classification
(< 2p)
AASHO Unified
12-29 A-6 CL
A-4 SC
A-7-6 SM-SC
11-37 A-7-6
A-2-4
A-4
A-6
9-18 A-2-6
A-2-7
A-2-4
A-6
Remarks: Substrata are stratified sands and gravels.
Design and Construction Information
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
shallow to moderate cuts and fills
1.0 to 1.5 ft
below 6 ft, fair to good drainage
low to high susceptibility, F3 ; .substrata often F2
not serious unless cuts are made below water table
not difficult unless cuts are made below water table, then dragline
operation will probably be required
usually stable at 1.5 to I or steeper; silt pockets or strata may
slough where seepage occurs
not difficult at moisture contents near optimum; tamping, grid or
pneumatic rollers acceptable
may be serious in cuts
generally good
generally good; fairly clean sandy gravel usually found at depths
below 3 to 5 ft
fair
normal topsoil stripping of 6 to 8 in.recommended beneath low fills;
material encountered in shallow cuts may, when wet, be unstable
under heavy construction traffic
Horizon
-
rn
159 PILOT SILT LOAM
Test Data Summary
Sampling Location
and Slope
T27N, R5E, Sec 1,
SE 1/4 NE Cor
3%
T27N, R7E, Sec 13,
SW 1/4, 0.1 mile S
NW Cor, 2%
T30N, R4E, Sec 20,
SE 1/4. SE Cor
3%
Sample Samp. LL PI 7d Opt.
and Depth w
Horizon in. % % pcf %
Mechanical Analysis
Percent Finer
No. No. No. No. No.
I " 1/2" 4 10 40 60 200 50p1 5p 2p
Classification
AASHO USDA Unified
51 A 3-14 45 22 - - 100 98 96 86 77 67 67 36 26 A-7-6(12) CL
51 B 15-30 54 27 100 18 99 93 84 78 48 44 40 40 27 22 A-7-6(6) SaCL
51 C 30-44 37 12 114 14 97 88 74 66' 37 30 26 25 14 10 A-2-6(0) SaL
59 A
59 B
59 Cl
59 C2
2-13
14-27
31-41
41-57
176 A 5-17
176 8 19-37
176 C 41-53
104 17
98 21
106 14
109 14
100 94 80
100 99 99 92
88 78 46
96 91 78
26 8 - -
NP NP 118 12
NP NP 118 13
76 70 68 30 21
90 88 87 43 34
38 33 32 20 17
67 48 45 29 23
A-6(9) SiL
A-7-6(12) SiCL
A-2-7(2) SaCL
A-6(4) SaCL
100 94 79 44 43 20 14 A-4(2) SaL
100 96 80 35 34 20 17 A-4(0) SaL
100 94 75 25 24 16 14 A-2-4(0) SaL
Summary of Statistical Data
Index No. of
Horizon Property Samples
Property Tested
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2,
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No 200
% < 2p
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No, 40
% < No. 200
% < 2K
Mean Standard Coefficient Standard Limit 
of No. of
Deviation of Variation Error Accuracy Samples
Required
36.5 9.6
14.7 7.1
99.3
96.8
86.6
60.5
20.3
14.8
105.4
17.2
94.5
92. 1
78.6
54.4
24.3
11.4
112.4
13.6
87.2
81.3
58.6
28.0
13.8
206 THORP SILT LOAM
Soil Association Area: R (8a)
Soil Group: Planosol - Brunizem Intergrade
Parent Material: Silty sediments, 0 to 3 ft,
on stratified glacial outwash
Topography: Nearly level to depressional,
0 to 0.5% slope
Surface Drainage: Very slow
Internal Drainage: Very slow
Descripti
Very dark gray
grayish brown
loam
Pedological Profile Description and
LL PI 7max OMC
on%
% % pcf %
to
silt
Engineering Characteristics
%< %< %< %<
No. No. No. No.
4 10 40 200
32-49 9-22 -- -- 98-100 97-100 92-99 80-92
% Clay Classification
(< 2k)
AASHO Unified
20-33 A-7-6 CL
A-6 OL
grading to
Gray silt loam
below 6 to 8 in.
Brownish gray,
mottled with
brownish yellow,
clay loam to silty
clay loam
Brownish gray to
brownish yellow
silty to sandy loam
Remarks:
Substrata are strati
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
35-48 13-29 94-111 16-21 96-100 92-100 82-100 59-98 20-44
22-55 2-36 103-113 14-19 93-100 88-100 74-100 26-100 17-40
A-7-6
A-6
A-6
A-7-6
A-2-4
fled silts, sands and gravels.
Design and Construction Information
shallow fills
1.0 to 1.5 ft
0-3 ft, very poor drainage
medium to high susceptibility, F3
to be expected in cuts below water table
can be made easily above water table during dry season; when wet the surface
is slippery and soft; deep cuts below water table will probably require
dragline operation
usually stable at 1.5 to 1; silt pockets or strata slough readily where
seepage occurs
not difficult at moisture contents near optimum; heavy tamping rollers
recommended for upper material, grid or pneumatic for sandy sediments
may be serious on both cut and fill slopes
generally good below 3 ft; drying usually required to reduce moisture
content to optimum
sandy gravel of variable quality usually found at depths below 5 ft
fair to good
topsoil stripping of 6 to 8 in.will not usually remove all compressible
soil, 12 in.or more should be stripped under low fills; at high water
contents very unstable under heavy construction traffic; preferable
to elevate grade line 4 to 5 ft and not attempt to strip topsoil
Horizon
206 THORP SILT LOAM
Test Data Summary
Sampling Location
and Slope
Sample Samp. LL PI 7d Opt.
and Depth w
Horizon in. % % pcf %
Mechanical Analysis
Percent Finer
No. No. No. No. No.
I" 1/2" 4 10 40 60 200 50p 5, 2p
Classification
AASHO USDA Unified
T27N, R6E, Sec 10,
SE 1/4, 0.3 mile N of
SW Cor, 0%
T27N, R5E, Sec 19,
NE 1/4
0.5%
T27N, R6E, Sec 17,
0.1 mile S of NW Cor
0.5%
T28N, R4E, Sec 29,
SE 1/4, SE 1/4, Cen N
edge, 0%
T30N, R4E, Sec 7,
NE 1/4, SE 1/4, West Cent
0%
40 A 4-18
40 B 22-35
40 C 37-51
32 12 -
42 22 94 19
43 24 105 17
47 A 3-12 42 14 -
47 B 18-32 37 15 106 17
47 C 34-44 21 NP 114 14
74 A 15-20 41 17 -
74 B 21-34 41 20 108 16
74 C 46-60 45 26 107 16
92 A 3-16 40 13 -
92 B 21-31 39 19 98 22
92 C 32-43 34 15 107 18
139 A 3-17 48 23 - -
139 B 17-28 48 30 105 18
139 C 32-42 49 30 108 18
SIndex No. of
Horizon Property Samples
Propert Tested
100 98 95 91 80 76 34 24 A-6(9) SiL
100 98 95 92 79 78 43 35 A-7-6(13) CL
100 98 95 92 78 76 40 29 A-7-6(14) CL
100 98 94 90 88 36 22 A-7-6(10) SiL
100 99 96 91 80 68 57 55 28 20 A-6(6) L
100 99 97 89 60 25 24 18 17 A-2-4(0) SaL
100 98 94 91 84 80 36 26 A-7-6(ll) SiCL
99 96 92 90 80 77 39 31 A-7-6(12) CL
100 98 92 86 71 67 61 58 33 27 A-7-6(12) CL
100 99 97 90 86 36 24 A-7-6(9) SiL
100 98 96 82 78 40 33 A-6(12) CL
100 99 98 98 94 88 58 58 34 30 A-6(7) CL
98 97 93 91 86 85 46 34 A-7-6(15) SiCL
100 99 98 94 93 52 42 A-7-6(18) SiC
100 99 99 96 94 49 39 A-7-6(18) SiCL
Summary of Statistical Data
Standard Coefficient
Deviation of Variation
Standard Limit of No. of
Error Accur SamplesAccuracy Required
40.7 5.8
15.9 4.6
99.5
98.6
95.7
85.7
26.1
41.4
21.2
102.2
18.4
98.8
97.1
93.0
78.4
32.2
38.5
19.0
108.0
16.6
97.8
96.0
89.7
63.8
28.7
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2,
LL
PI
?max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p
LL
Pl
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No 200
% < 2,
223 VARNA SILT LOAM
Soil Association Area: E (4a)
Soil Group: Brunizem
Parent Material: Silty sediments, 0 to 2 ft, on
silty clay loam till
Topography: Strongly sloping, 6 to 15% slopes
Surface Drainage: Medium to rapid
Internal Drainage: Medium to slow
Pedological Profile Description and Engineering Characteristics
LL Pl 7max 0MC % < % < % < % <
Description No. No. No. No.
% % pcf % 4 10 40 200
Brown to very dark 43-55 14-28
grayish brown silt
loam
grading to
Brown to light brown
light silty clay
loam below 5 to 8 in.
Yellowish brown
silty clay loam
with some pebbles
Yellowish brown
silty clay loam to
silty clay with a
little gravel
-- 99-100 98-100 95-99 90-95
37-56 14-33 94-108 17-24 98-100 97-100 92-100 82-100
32-52 12-31 101-111 17-22 98-100 97-100 92-98 85-93
% Clay Classification
(< 2V)
AASHO Unified
26-50 A-7-6 OL
A-7-5 CL
OH
CH
26-61 A-7-6 CL
A-6 CH
29-63 A-7-6 CL_
A-6 CH
Design and Construction Information
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
moderate to deep cuts and fills
approximately 1.0 ft
below 6 ft, good drainage
medium to high susceptibility, F ; very high if silt pockets are exposed, F4
not common, temporary where cuts intersect silt pockets
usually not difficult; when wet surface is slippery and often soft, bakes
hard when dry
stable at 1.5 to 1; silt pockets slough rapidly where seepage occurs
not difficult if layers are of proper thickness and moisture content is
near optimum; heavy tamping rollers recommended
not a serious problem except for silt pockets which erode rapidly
generally good, some drying may be required to reduce moisture content
to optimum
no
fair to poor
normal topsoil stripping of 6 to 8 in. recommended beneath low fills;
exercise care in breaking up embankment material before it dries to
hard lumps or is compacted in layers which exceed normal thickness;
surface drainage should be provided in both cut and fill sections to
prevent softening under heavy construction traffic; areas may be
difficult to work during rainy season
Horizon
m
223 VARNA SILT LOAM
Test Data Summary
Sampling Location
and Slope
Sample Samp. LL PI 7d Opt.
and Depth w
Horizon in. % % pcf %
Mechanical Analysis
Percent Finer
No. No. No. No. No.
1" 1/2" 4 10 40 60 200 50p 5p 2p
Classification
AASHO USDA Unified
T26N, R8E, Sec 22,
SW 1/4, SW 1/4, Cent S
Line, 7%
T26N, R8E, Sec 16,
SE 1/4, SW Cor
10%
T29N, R6E, Sec 34,
NE 1/4, 0.1 mile W,
NE Cor, 12%
T29N, R5E, Sec II,
NE 1/4, NE 1/4, SE Cor
8%
T29N, R6E, Sec 7,
SW 1/4, SW 1/4, SE Cor
10%
22 A
22 B
22 C|
22 C 2
1-7
12-26
28-40
40-51
98 97
100
100 99
99 98
54 A 4-12 48 17 -
54 B 18-28 42 17 99 20
54 C 28-47 48 28 104 19
84 A 2-12 48 18 -
84 B 16-29 48 22 96 24
84 C 31-43 42 20 105 20
152 A 0-15 54 24 -
152 B 15-26 58 34 -
152 C 26-36 49 29 103 22
166 A 3-9 53 28 - -
166 B 9-23 44 26 108 18
166 C 23-34 39 20 111 18
92 42 34
96 40 32
86 33 27
92 66 41
A-7-6(12) SiCL
A-7-6(13) SiCL
A-6(9) SiCL
A-6(Il) SiC
100 96 94 89 87 43 28 A-7-5(12) SiCL OL
99 97 92 88 81 80 43 31 A-7-6(11) SiCL CL
100 95 92 86 83 56 45 A-7-6(17) C CL
100 99 98 94 93 58 42 A-7-6(13) SiC
100 99 98 94 94 59 44 A-7-6(14) SiC
100 99 97 94 92 89 89 70 55 A-7-6(12) C
100 96 95 93 92 53 39 A-7-6(16) SiCL OH
100 98 97 95 94 70 60 A-7-6(20) C CH
99 98 97 94 93 90 90 69 57 A-7-6(17) C CL
100 98 96 92 92 63 49 A-7-6(18) SiC
99 98 94 92 89 88 63 49 A-7-6(15) SiC
99 99 93 91 87 86 62 46 A-6(12) SiC
Summary of Statistical Data
SIndex No. of
Horizon n dProperty Samples
Property Tested
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2u
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
%< 2p
Mean Standard Coefficient Standard 
Limit of No. of
Deviation of Variation Error Accuracy Samples
Required
49.3
21 .1
99.7
99.2
96.8
92.2
38.3
46.6
23.7
101.1
20.5
99.5
99.0
96.5
91.2
43.3
42.2
21.9
106.2
19.2
99.1
98.4
94.7
89.0
46.0
228 EYLAR SILT LOAM
Soil Association Area: F (5b, 6b)
Soil Group: Gray-Brown Podzolic
Parent Material: Silty sediments, 0 to 2 ft, on
silty clay to clay drift
Topography: Gently to moderately rolling,
2 to 6% slope
Surface Drainage: Medium
Internal Drainage: Slow
Pedologic Profile Description and Engineering Characteristics
Horizon Description
* A Yellowish gray to
brownish gray silt
- 1loam
grading to
S Gray silt loam
- below 5 to 9 in.
Yellowish brown
mottled with brown
silty clay to clay
Yellowish brown to
gray silty clay to
clay with occasional
gravel
LL PI
% %
25-59 2-32
7max OMC % < % <
No. No.
pcf % 4 10
-- -- 99-100 98-100 93-100 75-100
31-55 13-33 99-109 18-19 93-100 91-100 82-100 66-100
% Clay Classification
(< 2p)
AASHO Unified
7-55 A-7-6 CL
A-6 OL
A-4 CH
31-56 A-7-6 CIL
A-6 CH
31-57 13-35 101-115 15-21 97-100 94-100 83-100 67-100 29-63 A-7-6
A-6 CH
Design and Construction Information
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
moderate cuts and fills
0.5 to 1.5 ft
below 6 ft, fair drainage
medium to high susceptibility, F3
not common, temporary where cuts intersect silt pockets
usually not difficult above 4 to 6 ft, below water table moisture content may
be several percent above optimum and material breaks out in large chunks,
slippery when wet, bakes to a hard dry crust with cracks
stable at 1.5 to 1; exposed silt pockets or strata will slough where seepage
occurs
not difficult if layers are of proper thickness and moisture content is near
optimum; heavy tamping rollers recommended; pneumatic rollers may
impart planes of weakness
generally not a problem; difficult to stabilize topsoil on slopes
fair to good, manipulation frequently necessary to reduce moisture content
no
poor
usually necessary to strip only vegetation under low fills; exercise care
in breaking up embankment material before it dries to hard lumps or is
compacted in layers which exceed normal thickness; surface drainage
should be provided in both cut and fill sections to prevent softening
under heavy construction traffic; areas may be very difficult to work
during rainy seasons
228 EYLAR SILT LOAM
Test Data Summary
Sampling Location
and Slope
T26N, R8E, Sec 28,
NW 1/4, NE Cor
10%
T29N, R4E, Sec 23,
NE 1/4, NW 1/4, NW Cor
5%
T29N, R4E, Sec 1,
SW 1/4. NW 1/4, SW Cor
2%
T29N, R5E, Sec 5,
NW 1/4, NE 1/4, NE Cor
3%
T29N, R4E, Sec 36,
SW 1/4, SE 1/4, SW Cor
4%
Sample Samp. LL PI Yd Opt.
and Depth w
Horizon in. % % pcf %
21 A 3-12 40 13 - -
21 B 13-24 39 19 104 21
21 C 40-55 40 21 107 19
132 A 2-8
132 B 8-26
132 C 26-37
142 A 3-16
142 B 16-31
142 C 31-46
145 A*
145 B
145 C
36 II - -
37 19 109 17
50 30 105 19
38 17 - -
46 27 101 17
35 16 115 14
0-15 62 36 - -
19-33 55 34 100 18
33-45 57 35 104 19
156 A 4-14 34 10 - -
156 B 14-31 35 17 107 19
156 C 31-48 38 21 110 18
Mechanical Analysis
Percent Finer
No. No. No. No. No.
I" 1/2" 4 10 40 60 200 504 5p 24
Classification
AASHO USDA Unified
100 97 95 90 87 44 27 A-7-6(9) SiCL
100 99 97 94 91 89 64 48 A-6(12) SiC
99 98 96 94 92 91 67 48 A-7-6(13) SiC
100 98 95 88 85 32 20 A-6(8) SiL OL
100 98 95 92 50 39 A-6(12) SiCL CL
100 99 98 96 94 63 49 A-7-6(18) SiC CH
100 99 95 91 75 72 37 29 A-6(ll) CL
100 98 94 82 81 50 44 A-7-6(16) C
100 97 94 80 75 63 60 32 28 A-6(8) CL
100 99 99 99 98 74 60 A-7-6(20) C
100 99 99 98 70 55 A-7-6(19) SiC
100 98 72 59 A-7-6(19) C
99 99 98 94 90 85 82 30 22 A-4(8)
98 92 89 80 72 64 62 37 32 A-6(9)
99 98 96 95 90 89 60 46 A-6(12)
This sample possibly included some material from the upper B horizon.
Summary of Statistical Data
SIndex No. of
Horizon Property Samples
Tested
LL
PI
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2v
LL
PI
7mx
OMN
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p
LL
PI
7max
OMC
% -No 4
% < No 10
% < No, 40
% < No. 200
% < 2p
Standard Coefficient Standard Limit of No. of
Mean Deviation of Variation Error Accuracy RSa eds
' Required
42.2
17.3
99.8
99.3
96.7
87.2
31.4
42.6
23.1
104.1
18.4
98.3
97.6
94.6
86. 1
43.6
44.2
24.4
108 2
17.9
99. 1
98.0
94.3
88.0
46 0
229 MONEE SILT LOAM
Soil Association Area: G (5a, 6a)
Soil Group: Planosol
Parent Material: Silty sediments, 0 to 2 ft, on
silty clay to clay drift
Topography: Nearly level to depressionai,
0 to 0.5% slope
Surface Drainage: Slow to very slow
Internal Drainage: Very slow
Pedological Profile Description and Engineering Characteristics
Horizon Description
Grayish brown to
brownish gray silt
loam to silty clay
loam
grading to
Light gray silt loam
below 3 to 6 in,
Dark gray to
olive gray heavy
silty clay loam
to clay
Gray silty clay
to clay with
occasional gravel
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
7
max OMC
pcf %
% < %<
No. No.
4 10
40-46 15-20 -- -- 100 100 96-100 83-98
38-56 16-31 94-106 17-24
44-58 26-34 95-105 17-26
100 98-99 82-100
100 98-100 81-100
% Clay Classification
(< 2v)
AASHO Unified
32-38 A-7-6 CL
OL
31-59 A-7-6 CL
A-6 CH
43-64 A-7-6 CH
CL
Design and Construction Information
shallow fills
0.5 to 1.0 ft
0-3 ft, very poor drainage
medium to high susceptibility, F3
to be expected at contact between A and B horizons
not too difficult above water table during dry season; below water table
moisture content may be 5 to 10% above optimum and material breaks out
in large chunks; surface very slippery when wet, bakes to a hard dry
crust with cracks
stable at 1.5 to I
not difficult if layers are of proper thickness and moisture content is near
optimum; heavy tamping rollers recommended, pneumatic rollers may
impart planes of weakness
generally not a problem; difficult to stabilize topsoil on slopes
generally poor; manipulation nearly always necessary to reduce moisture
content
no
poor
topsoil stripping of 6 to 8 in.recommended beneath low fills; exercise care
in breaking up embankment material before it dries to hard lumps or
is compacted in layers which exceed normal thickness; surface drainage
should be provided in both cut and fill sections to prevent softening
under heavy construction traffic; areas very difficult to work during
rainy season; preferable to elevate grade line 4 to 5 ft and not
attempt to strip topsoil
C-
10-I-
20-
J-
6a-
-
-30
229 MONEE SILT LOAM
Test Data Summary
Sampling Location
and Slope
Sample Samp. LL PI 7d Opt.
and Depth w
Horizon in. % % pcf %
Mechanical Analysis
Percent Finer
No. No. No. No. No.
I" 1/2" 4 10 40 60 200
Classification
50P 5I 2P
AASHO USDA Unified
T27N, R8E, Sec 17,
NW 1/4, 0.2 mile E of
SW Cor, 0.5%
T28N, R6E, Sec 15,
NW 1/4, 0.2 mile S of
NW Cor, 0.5%
T28N, R6E, Sec 6,
NW 1/4, NW 1/4, SW Cor
0%
T28N, R7E, Sec 3,
SW 1/4, NW 1/4, SW Cor
0.5%
T27N, R7E, Sec 10,
SE 1/4, SE 1/4, NE Cor
0%
57 A 6-18 45 18
57 B 22-36 54 28
57 C 37-50 51 29
80 A 2-10 43 19
80 B 13-23 42 18
80 C 24-37 57 34
83 A 0-11 41 16
83 B 14-25 48 22
83 C 30-40 52 29
97 22
95 26
99 22
99 20
96 21
99 21
85 A 0-9 40 16 - -
85 B 11-23 52 30 100 23
85 C 37-45 44 26 105 18
172 A 2-15 46 18 - -
172 B 18-29 39 20 107 17
172 C 32-47 52 30 102 22
100 98 97 93 92 48 34 A-7-6(12) SiCL
100 99 98 96 94 65 54 A-7-6(18) Sic
100 98 97 94 92 60 48 A-7-6(18) SiC
100 98 97 93 91 47 36 A-7-6(12) SiCL
100 99 98 95 92 48 34 A-7-6(12) SiCL
100 99 99 98 97 80 64 A-7-6(19) C
100 99 97 94 48 37 A-7-6(11) SiCL
100 99 99 98 96 58 44 A-7-6(14) SiC
100 99 98 98 72 59 A-7-6(18) C
100 99 97 93 84 82 48 35 A-7-6(ll) SiCL
100 99 96 89 89 64 55 A-7-6(18) C
100 98 95 86 85 59 50 A-7-6(15) C
100 99 96 86 84 46 33 A-7-6(12) SiCL
100 99 95 82 79 50 38 A-6(12) CL
100 99 96 82 81 57 49 A-7-6(18) C
Summary of Statistical Data
SrIndex No. ofezon PSamplesHorizon Property Tested
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2K
LL
PI
7max
OMC
% < No. 4
% < No 10
% < No. 40
% < No. 200
% < 2K
No of
Standard Coefficient Standard Limit of Samplese a n
Deviation of Variation Error Accuracy Required
43.2
17.3
100.0
99.8
98.2
90.7
34.9
47.0
23.6
99.9
20.8
99.9
99.9
98.9
92.0
45.0
51.0
29.8
100.0
21 2
100.0
99.9
98.9
91.8
53.9
230 ROWE SILTY CLAY LOAM TO SILTY CLAY
Soil Association Area: G (6a)
Soil Group: Humic-Gley
Topography: Nearly level to gently rolling,
0 to 1% slope
Surface Drainage: Very slow
Parent Material: Silty or clayey local wash, 0 to 3 ft, Internal Drainage: Very slow
on clay drift
Pedological Profile Description and Engineering Characteristics
Horizon Description
LL PI 
7
max OMC
% % pcf %
Dark gray to black 46-54 16-31
silty clay to clay
grading to
Dark gray silty clay
to clay below 6 to
10 in.
Dark gray, mottled 38-56 21-31
with yellowish
brown silty clay
to clay
- C Gray silty clay
- to clay
- -- 100 99-100 96-100 87-99
% Clay Classification
(< 2p)
AASHO Unified
30-47 A-7-6
A-7-5 OL
CL
91-107 17-22 99-100 99-100 96-99
38-51 21-30 102-108 13-23 99-100 98-100 94-99
73-100 36-59 A-7-6 CL
A-6 CH
77-98 33-59 A-7-6 CL
A-6 CH
Design and Construction Information
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
shallow fills
0.5 to 1.5 ft
0-3 ft, very poor drainage
medium to high susceptibility, F3
not common
not too difficult above water table during dry season; below water table
moisture content may be 5.to 10% above optimum and material breaks out
in large chunks; surface very slippery when wet, bakes to a hard dry
crust with cracks
stable at 1.5 to I
not difficult if layers are of proper thickness and moisture content is near
optimum; heavy tamping rollers recommended; pneumatic rollers may
impart planes of weakness
generally not a problem; difficult to stabilize topsoil on slopes
poor; manipulation nearly always necessary to reduce moisture content
Source of granular material: no
Source of topsoil:
Special recommendations: topsoil stripping of 6 to 8 in.will not usually remove all organic compres-
sible soil, 12 in.or more should be stripped under low fills; exercise
care in breaking up embankment material before it dries to hard lumps
or is compacted in layers which exceed normal thickness; surface
drainage should be provided in both cut and fill sections to prevent
softening under heavy construction traffic; areas very difficult to
work during rainy season; preferable to elevate grade line 4 to 5 ft
and not attempt to strip topsoil
u-
10-
20-
U
C-
S30-
4)
40-
50-
50-
ou
230 ROWE SILTY CLAY LOAM TO SILTY CLAY
Test Data Summary
Sampling Location
and Slope
T25N, R8E, Sec 2,
SW 1/4, SW 1/4, Cent W
Line, 0.5%
T27N, R8E, Sec 8,
NE 1/4 SE 1/4, SE Cor
0 5%
T28N, R6E. Sec 23,
SW 1/4, SW 1/4, NW Cor
0 5%
T29N, R5E, Sec 9,
SE 1/4. SE 1/4, SE Cor
0%
T30N, R4E, Sec 22,
SW 1/4, NW 1/4, NE Cor
1%7
Sample Samp. LL PI 7d Opt.
and Depth w
Horizon in. % % pcf %
25 A 5-15 48 22 - -
25 B 17-31 48 28 100 21
25 C 34-44 41 22 105 17
56 A 4-15 49 21 - -
56 B 19-30 56 29 92 20
56 C 34-48 48 27 104 20
70 A 3-19 48 17 - -
70 B 26-37 48 25 96 21
70 C 39-52 50 30 103 22
113 A 8-15 52 27 - -
113 B 19-27 39 20 104 17
113 C 27-34 42 26 - -
140 A 4-18 53 30 99 18
140 B 19-28 44 27 104 18
140 C 28-36 41 24 107 14
Index No. of
Horizon Property Samples
Tested
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 21
LL
PI
7
max
OMC
No. 4
No. 10
No. 40
No. 200
2,
LL
PI
7
max
OMC
No. 4
No 10
No. 40
No. 200
2p
Mechanical Analysis
Percent Finer
No. No. No. No. No.
I" 1/2" 4 10 40 60 200 50p 5V 21
Classification
AASHO USDA Unified
100 98 97 96 96 50 38 A-7-6(14) SiCL CL
100 99 99 98 97 94 93 65 51 A-7-6(i7) SiC CL
100 99 98 96 95 92 90 66 50 A-7-6(13) SiC CL
100 97 96 93 91 50 35 A-7-6(14) SiCL
100 98 97 95 95 67 54 A-7-6(19) SiC
100 98 97 95 93 63 52 A-7-6(16) SiC
100 99 97 96 47 32 A-7-5(12) SiCL
100 99 98 96 92 92 66 53 A-7-6(16) SiC
100 98 95 90 89 66 54 A-7-6(18) C
100 98 95 84 83 56 41 A-7-6(17) SiC
100 99 96 95 73 73 44 36 A-6(12) CL
0CO 98 94 90 78 77 40 33 A-7-6(15) CL
100 99 99 96 95 88 88 60 47 A-7-6(19) SiC
100 99 99 96 94 81 81 53 45 A-7-6(16) C
100 99 99 96 94 82 82 50 42 A-7-6(14) SiC
Summary of Statistical Data
Mean Standard Coefficient
Deviation of Variation
Standard Limit of No. of
r L f Samples
Error Accuracy Required
50.1
23.5
99.8
99.7
98.0
91.6
38.5
46.9
25.8
99.1
19.4
99.7
99.3
97.4
87.0
47.7
44 5
25.7
104.9
18.0
99.6
99.0
96.5
87.2
46.0
232 ASHKUM SILTY CLAY LOAM
Soil Association Area: E (4a)
Soil Group: Humic-Gley
Parent Material: Local wash, 0 to 3 ft, on silty clay
loam till
Topography: Nearly level to depressional
0 to 1% slope
Surface Drainage: Slow
Internal Drainage: Slow
Pedological Profile
LL PI
Description
% %
Description and Engineering Characteristics
7
max OMC % < % < % < % <
No. No. No. No.
pcf % 4 10 40 200
Black silty clay 41-60 18-27 -- - 100 99-100 97-99 67-98
loam to clay loam
grading to
Very dark gray silty
clay loam to clay
loam below 8 to 15 in.
Brownish gray, 30-54 12-32 97-116 13-24 99-100 98-100 94-100 45-100
mottled with
yellowish brown,
silty clay
Brownish gray to 32-47 15-29 105-114 14-19 98-100 96-100 90-100 72-94
gray silty clay
loam with a little
gravel
% Clay Classification
(< 21,)
AASHO Unified
26-46 A-7-6 OH
A-7-5 CL
OL
21-52 A-7-6 CL
A-6 CH
SC
25-47 A-6
A-7-6
Design and Construction Information
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
shallow fills
1.0 to 2.0 ft
0-3 ft, very poor drainage
medium to high susceptibility, F3
a serious problem if strata or pockets of silt or sand are exposed
can be made easily above water table during dry season; below 4 ft the
material may not break up readily; surface slippery and soft when
wet, bakes hard on drying
stable at 1.5 to I; silt pockets or strata slough rapidly where seepage occurs
not difficult if layers are of proper thickness and moisture content is near
optimum; heavy tamping rollers recommended
not a serious problem except for silt pockets or strata which erode rapidly
fair to poor; drying usually required to reduce moisture content
no
good to excellent
normal topsoil stripping of 6 to 8 in.will not usually remove all organic
compressible soil, 12 in.or more should be stripped under low fills;
at high water contents very unstable under heavy construction traffic;
preferable to elevate grade line 4 to 5 ft and not attempt to strip
topsoil
Horizon
r-----I
232 ASHKUM SILTY CLAY LOAM
Test Data Summary
Sampling Location
and Slope
Sample Samp. LL P1 
7
d Opt.
and Depth w
Horizon in. % % pcf %
Mechanical Analysis
Percent Finer
No. No. No. No. No.
1" 1/2" 4 10 40 60 200 50p 5p 2.p
Classification
AASHO USDA Unified
T25N, R6E, Sec 3,
NW 1/4, NE 1/4, NW Cor
0%
T28N, R6E, Sec 35,
0.2 mile E, NW Cor
0%
T27N, R4E, Sec 15,
NE !/4, 0.1 mile W,
NE Cor, 0.5%
T28N, R4E, Sec 16,
SW 1/4. SE Cor
0%
T30N, R7E, Sec 24,
SE 1/4, SE 1/4, SE Cor
0%
7-22 54 23 - -
27-42 47 27 101 21
42-63 36 17 110 16
69 A 3-19
69 B 22-33
69 C 41-55
61 27 - -
50 26 103 20
46 27 105 19
86 A 2-19 46 19 - -
86 B 21-35 44 26 - -
86 C 38-56 44 27 - -
90 A 6-17 47 21 - -
90 B 20-38 40 20 - -
90 C 39-48 36 20 111 16
100 A 8-16
100 B 21-32
100 C 47-67
44 22 - -
28 II 114 14
35 18 112 17
100 99 97 95 91 89 44 31 A-7-5(16) SiCL
100 99 98 96 93 91 50 38 A-7-6(16) SiCL
100 99 98 94 91 86 85 46 34 A-6(Il) SiCL
100 99 98 94 94 57 44 A-7-5(19) SiC
100 99 98 96 96 56 48 A-7-6(16) SiC
100 99 98 95 95 56 47 A-7-6(16) SiC
100 99 92 66 66 38 29 A-7-6(l1) CL
100 99 99 98 97 60 46 A-7-6(15) SiC
100 98 93 78 75 43 32 A-7-6(16) CL
100 98 95 81 79 41 34 A-7-6(14) CL
100 99 96 93 76 73 36 29 A-6(12) CL
100 99 96 92 76 74 34 28 A-6(12) CL
100 98 96 80 79 51 42 A-7-6(14) C CL
100 99 98 94 85 40 37 25 23 A-6(1) SaCL SC
100 98 96 90 87 79 78 51 40 A-6(ll) C CL
Summary of Statistical Data
No. of
zon Proper SamplesHori r perty Tested
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2V
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2l,
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 21,
No. ofStandard Coefficient Standard Limit of Samples
Mean Deviation of Variation Error Accuracy Remuired* equir
50.5
22.4
100.0
99.8
98.2
82.4
36.0
41.9
21.9
106.1
18.1
99.7
99.0
97.2
80.4
36.8
39.2
21.7
109.4
16.9
99.2
98.4
95.4
82.8
36.3
235 BRYCE SILTY CLAY LOAM TO SILTY CLAY
Soil Association Area: G (5a)
Soil Group: Humic-Gley
Topography: Gently rolling to depressional,
0 to 2% slope
Surface Drainage: Slow
Parent Material: Silty or clayey local wash, 0 to 3 ft, Internal Drainage: Very slow to slow
on silty clay drift
Pedological Profile Description and Engineering Characteristics
Horizon Description
A Black silty clay
-loam to clay
grading to
Dark gray silty clay
loam to silty clay
- below 6 to 12 in.
Dark gray, mottled
with yellowish
brown, silty clay
to clay
Gray silty clay
with occasional
gravel
7
max ONC
pcf %
50-62 23-30
%< %< %<
No. No. No.
10 40 200
-- -- 100 100 98-100 91-100
46-61 25-38 89-106 17-25 100
38-69 21-44 93-110 17-24
% Clay Classification
(< 21)
AASHO Unified
34-49 A-7-6 CH
A-7-5 OH
CL
100 98-100 92-100 42-56 A-7-6 C0
99-100 97-100 92-100 39-64 A-7-6 CH
A-6 CL
Design and Construction Information
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
shallow fills
1.0 to 2.0 ft
0 to 3 ft, very poor drainage
medium to high susceptibility, F3
not common
can be made without difficulty above water table during dry season; below
4 ft the material may not break up readily ; surface very slippery when
wet, bakes to a hard dry crust with cracks
stable at 1.5 to 1
not difficult if layers are of proper thickness and moisture content is near
optimum; heavy tamping rollers recommended, pneumatic rollers may impart
planes of weakness
generally not a problem; difficult to stabilize topsoil on slopes
poor to fair, drying usually required to reduce moisture content
no
good
normal topsoil stripping of 6 to 8 in.will not usually remove all organic
compressible soil, at least 12 in. should be stripped under low fills;
at high water contents very unstable under heavy construction traffic;
areas may be impassable during rainy season; preferable to elevate
grade line 4 to 5 ft and not attempt to strip topsoil
10-
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235 BRYCE SILTY CLAY LOAM TO SILTY CLAY
Test Data Summary
Sampling Location
and Slope
T26N, R8E, Sec 35,
SW 1/4, SE 1/4, SW Cor
1%
T27N, R7E, Sec 26,
SW 1/4, NW Cor
0.5%
Sample
and
Hor i zon
Samp. LL PI 7d Opt.
Depth w
in. % % pcf %
23 A 10-28
23 B 32-45
23 C 55-66
30 A 3-15
30 B 19-34
30 C 41-50
50 23 92 23
47 29 103 18
37 20 109 17
T28N, R7E, Sec 21, 67 A 3-17 61 25
SW 1/4, SE Cor 67 B 17-30 60 40
1% 67 C 30-41 60 35
T30N, R5E, Sec 15, 150 A 0-5 56 29
SW 1/4, NW 1/4, West Cent 150 B 5-20 57 29
1% 150 C 20-33 66 42
T30N, R6E, Sec 11,
SE 1/4, SW 1/4, SE Cor
1%
165 A
165 B
165 C
6-16
23-36
36-51
98 21
102 20
91 25
100 21
93 22
93 25
56 28 - -
50 31 104 18
51 32 104 20
Mechanical Analysis
Percent Finer
No. No. No. No. No.
1" 1/2" 4 10 40 60 200 50p 5gp 2p
100 98
100 99
100 99 99 97
100 98
100 98
100 98
Classification
AASHO USDA Unified
97 96 50 34 A-7-6(15) SiCL
98 97 52 42 A-7-6(17) SiC
93 88 48 39 A-6(12) SiCL
92 56 41
92 61 48
94 63 49
A-7-6(18) SiC
A-7-6(18) SiC
A-7-6(19) SiC
100 99 99 98 96 64 45 A-7-5(18) SiC
100 99 98 98 70 54 A-7-6(20) Sic
100 99 98 96 70 59 A-7-6(20) C
100 99 99 98 62 48 A-7-6(19) SiC
100 99 99 98 97 64 53 A-7-6(19) SiC
100 99 98 70 61 A-7-6(20) C
100 99 97 92 92 5441 A-7-6(18) SiC
100 99 97 92 90 61 49 A-7-6(18) SiC
100 99 98 94 92 62 51 A-7-6(18) SiC
Summary of Statistical Data
No. of
nHoriz pdex SamplesHorizon Property Tested
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p,
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2pA
Standard Coefficient Standard Limit of No. of
Mean Deviation of Variation Error Accuracy Required
Required
55.6
26.5
100.0
99.9
98.8
95.7
41.8
53.1
31.8
97.8
20.9
100..0
99.9
99.0
95.8
48.9
53.3
32.3
101.6
20.6
99.9
99.8
98.9
95.6
51.7
238 RANTOUL SILTY CLAY
Soil Association Area: G (5a, 6a)
Soil Group: Humic-Gley
Parent Material: Clayey local wash, 0 to 5 ft, on
silty clay to clay drift
Topography: Depressional, 0 to 0.5% slope
Surface Drainage: Ponded to very slow
Internal Drainage: Very slow
Pedolo
Horizon Description
* A Black to dark
grayish black clay
- to silty clay
grading to
Dark gray or grayish
- black clay to silty
clay loam below 8
to 20 in.
- 8 Gray, sometimes
mottled with pale
- yellow or brown
silty clay loam to
silty clay
C Gray silty clay
loam to clay
gical Profile Description and Engineering Characteristics
LL PI 
7
max OMC % < % < % < % <
No. No. No. No.
% % pcf % 4 10 40 200
45 74 23-43 -- -- 100 99-100 96-100 82-100
34-67 15-44 91-109 17-22 99-100 97-100 93-100
22-62 8-40 100-120 12-20 95-100 92-100 84-100
% Clay Classification
(< 21)
AASHO Unified
33-56 A-7-6
A-7-5
78-100 33-52 A-7-6
A-6
61-100 20-57 A-7-6
A-6
A-4
Remarks: Substrata may be glacial till or lakebed sediment. Occasionally layers of
outwash are present.
Design and Construction Information
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Source of topsoil:
Special recommendations:
shallow fills
1.0 to 2.5 ft
0-3 ft, very poor drainage
medium to high susceptibility, F3 ; occasionally very high, F4
may be a problem in cuts if silty strata lie on top of clay drift
can be made without difficulty above water table during dry season; below 4 ft
the material may not break up readily; surface very slippery when wet,
bakes to a hard dry crust with cracks
stable at 1.5 to 1; silt pockets or strata will slough where seepage occurs
not difficult if layers are of proper thickness and moisture content is near
optimum; heavy tamping rollers recommended; pneumatic rollers may impart
plane of weakness
generally not a problem; difficult to stabilize topsoil on slopes
poor to fair; drying usually required to reduce moisture content
no
good
normal topsoil stripping of 6 to 8 in.will not usually remove all organic
compressible soil, at least 12 in.should be stripped under low fills;
at high water contents very unstable under heavy construction traffic;
areas may be impassable during rainy season; preferable to elevate
grade line 4 to 5 ft and not attempt to strip topsoil
)0-
c
r
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238 RANTOUL SILTY CLAY
Test Data Summary
Sampling Location
and Slope
T25N, R7E, Sec 4,
NE 1/4, 1/4 mile S of
Cent of N Line, 0%
T27N, R8E, Sec 16,
NW 1/4, NW 1/4, NE Cor
0%
T29N, R8E, Sec 33,
SW 1/4, NW Cor
0%
T29N, R5E, Sec 1,
NW 1/4, SW 1/4, W Cent
0%
T28N, R4E, Sec 1,
SW 1/4, NW 1/4, NW Cor
0%
Sample Samp. LL PI yd Opt.
and Depth w
Horizon in. % % pcf %
12 A 8-25 55 34 - -
12 B 25-38 54 35 102 20
12 C 45-60 26 11 120 12
55 A 7-19 53 27 - -
55 B 21-29 43 20 99 18
55 C 29-41 45 26 108 19
78 A 2-15 52
78 B 15-25 45
78 C 25-34 37
151 A
151
151
151
27 - -
22 104 20
18 109 17
Mechanical Analysis
Percent Finer
No. No. No. No. No.
i" 1/2" 4 10 40 60 200 50, 5u 2p
100 98 96 89
100 98 97 94 89
100 98 94 91 85 79 65
88 51 40
87 51 40
61 31 22
Classification
AASHO USDA Unified
A-7-6(19) SiC
A-7-6(19) SiC
A-6(6) L
100 99 98 95 60 48 A-7-6(17) SiC
99 98 97 97 96 88 55 40 A-7-6(13) Sic
99 98 97 97 96 93 52 43 A-7-6(15) SiC
100 99 96 91 83
98 96 91 83
99 96 90 83 72
6-22 76
28-44 69
44-55 64
55-80 48
100
100
too 99
100 99
159 A 3-17 60 32 - -
159 B 17-23 44 26 105 18
159 C 23-39 40 24 104 15
82 46 35
82 48 38
71 39 31
99 70 56
98 66 54
98 66 57
98 54 46
A-7-6(17) SiCL
A-7-6(14) SiC
A-6(ll) CL
A-7-5(20) SiC
A-7-6(20) SiC
A-7-6(20) SiC
A-7-6(16) SiC
100 99 96 94 89 88 58 45 A-7-6(20) SiC
99 98 94 89 81 81 46 40 A-7-6(15) SiC
99 98 94 89 81 80 46 38 A-6(14) SiCL
Summary of Statistical Data
SIndex No. of
Horizon Property Te sted
LL
PI
7
max
OMC
No. 4
No. 10
No. 40
No. 200
2t
LL
PI
7
max
OMC
% < No.
% < No.
% < No.
% < No.
%< 2p
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2t,
Standard Coefficient Standard Limit of No. of
Mean Deviation of Variation Error Accuracy Smples
Required
59.2 10.0
32.8 6.8
99.8
99.5
98.0
91.8
44.8
50.9
29.7
100.0
19.5
99.4
98.4
96.6
89.7
42.6
42.3
23.9
110.0
15.8
98.2
96.9
93.1
82.5
38.5
241 CHATSWORTH SILTY CLAY TO CLAY
Soil Association Area: F, G (4b, 5b, 6b)
Soil Group: Regosol
Parent Material: Silty clay loam to clay drift
Topography: Moderately to strongly sloping,
4 to 5+ % slope
Surface Drainage: Rapid
Internal Drainage: Slow
Pedological Profile Description and Engineering Characteristics
Horizon Description
%
LL
A Brown to grayish 42-64
S brown silt loam
grading to
Yellowish brown silty
clay at 3 to 5 in.
(often absent due to erosion)
B Yellowish brown 41-63
- silty clay to clay
Gray silty clay
loam to clay with
occasional gravel
PI 7 max OMC
% pcf %
%< %<
No. No.
40 200
16-39 -- -- 99-100 99-100 98-99 90-99
21-38 94-110 15-27
38-66 19-42 95-112 17-25
100 98-100 83-100
100 99-100 97-100 95-100
% Clay Classification
(< 2t)
AASHO Unified
29-77 A-7-6 CH
47-82 A-7-6 CH
CL
50-89 A-7-6 CH
A-6 CL
Design and Construction Information
Alignment:
Thickness of topsoil:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
moderate to deep cuts and fills
0 to 1.0 ft
below 6 ft, fair to good drainage
medium to high susceptibility, F3
not common
usually not difficult above 3 ft; below, moisture content may be several
percent above optimum and material breaks out in large chunks, slippery
when wet; bakes to a hard dry crust with cracks
stable at 1.5 to I
usually not difficult if layers are of proper thickness and moisture content
is near optimum; heavy tamping rollers recommended; pneumatic rollers
may impart planes of weakness
generally not a problem; difficult to stabilize topsoil on slopes or
establish vegetation
generally fair, manipulation frequently necessary to reduce moisture content
Source of granular material: no
Source of topsoil:
Special recommendations:
no, frequently eroded
usually necessary to strip only vegetation under low fills; exercise care
in breaking up embankment material before it dries to hard lumps or is
compacted in layers which exceed normal thickness; surface drainage
should be provided in both cut and fill sections to prevent softening
under heavy construction traffic; areas may be very difficult to work
during rainy season
0-
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241 CHATSWORTH SILTY CLAY TO CLAY
Test Data Summary
Sampling Location
and Slope
T28N, R6E, Sec 6,
NE 1/4, NE Cor
5%
T30N, R5E, Sec 18,
SW 1/4, SE 1/4, E Cent
10%
T30N, R4E, Sec 1,
SE 1/4, SW 1/4, S Cent
10%
T29N, R5E, Sec 24,
NE 1/4, NW 1/4, NW Cor
10%
T29N, R5E, Sec 34,
SE 1/4, NW 1/4, E Cent
4%
Sample Samp.
and Depth
Horizon in.
LL PI 7 d Opt.
w
% % pcf %
82 8 2-12 52 24 95 25
82 C 12-25 56 30 98 24
147 A*
147 B
147 C
147 C2
147 (C3
3-15 59
15-28 51
28-42 52
56-76 52
82-102 48
149 A 0-4 55 29 - -
149 B 6-19 56 34 102 22
149 C 19-33 58 36 102 23
153 B 0-14 62 37 98 24
153 C 14-27 60 38 100 22
154 A
154 B
154 C
3-13 44 19 - -
13-27 41 23 108 15
27-39 35 18 113 17
Mechanical Analysis
Percent Finer
No. No. No. No. No.
1" 1/2" 4 10 40 60 200 50mp 5 z2
Classification
AASHO USDA Unified
100 99 98 97 78 62 A-7-6(16) C
100 99 99 92 78 A-7-6(19) C
100
100
100
100 99 99
100 99 99
97 77 66
98 77 66
98 84 70
96 79 67
96 81 67
A-7-6(20) C
A-7-6(18) C
A-7-6(18) C
A-7-6(18) C
A-7-6(16) C
100 99 99 98 97 95 94 68 58 A-7-6(19) c
100 98 97 96 96 86 72 A-7-6(19) C
100 99 98 98 97 87 74 A-7-6(20) C
100 99 99 90 77 A-7-6(20) C
100 99 94 78 A-7-6(20) C
100 98 96 91 89 46 34 A-7-6(12) SiCL
100 99 94 81 80 54 45 A-7-6(13) C
100 99 97 96 95 94 6446 A-6(ll) SiC
* This sample possibly included some material from the upper B horizon.
Summary of Statistical Data
SIndex No. of
Horizon SamplesHorizon Property Tested
Standard Coefficient
Mean Deviation of Variation
No. of
Standard Limit of Samples
Error Accuracy Required
53.0 7.8
27.6 7.9
99.7
99.7
98.3
94.5
52.9
52.3
29.8
102.1
21.1
99.8
99.8
99.
94.6
64.4
52.0
30.1
103.2
21.2
99.8
99.8
99.0
97.9
69.2
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
%< 2g
LL
PI
7
max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 2p
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
%< 2p
B. APPENDIX 2
PARENT MATERIAL GROUPS OF LIVINGSTON COUNTY
DATA SHEETS (in numerical order)
The following sheets contain information
on each of the geologic parent materials found
in Livingston County. The data were obtained
by analyzing the basic test results on the C
horizon samples from all soil types developed
from a particular parent deposit. The statis-
tical summary shows the number of samples
tested for each property. The engineering
characteristics are given in terms of 85%
probability ranges as determined from a sta-
tistical analysis of the basic data. The
design and construction information has been
interpreted from the physical data tempered
with some knowledge of special field problems
in each soil area.
121
LOESS
Engineering Characteristics
LL Pl 7max OMC % < % < % < % < % Clay Classification
% % pcf % No. 4 No. 10 No. 40 No. 200 (< 2t) AASHO Unified
26-46 6-26 105-116 14-19 98-100 98-100 95-100 79-100
Summary of Statistical Data
21-37 A-6
A-7-6
A-4
SIndex No. of
Horizon Property T ested
LL
PI
7
max
OMC
No. 4
No. 10
No. 40
No. 200
2p
Standard Coefficient
ean Deviation of Variation
36.1
16.5
110.8
16.4
99.6
99.4
98.2
93.4
28.9
Standard Limit of No. of
Error Accuracy Req
am
uirpled
19.3
41.8
3.4
12.0
.8
1.1
2.3
10.5
19.1
Alignment:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Special recommendations:
Design and Construction Information
moderate cuts and fills
variable depending on local relief
medium to very high susceptibility, F3 or F4
to be expected at contact between loess and underlying glacial
drift
easily made unless cuts extend below water table; when wet the
surface is slippery and usually very soft
nearly vertical in unweathered loess, 1.5 to 1, usually stable
in drift; deep cuts in loess may be benched; maintain ditches
at base of slopes to prevent sloughing
may be difficult unless moisture content is closely controlled;
large shrinkage factor to be expected; tamping, grid or
pneumatic rollers acceptable
usually serious on both cut and fill slopes until protected;
special surface drainage installations may be required
generally fair, underlying drift may vary
no
very unstable under heavy construction traffic at high water
contents; absorbs water readily and after rains should be
scarified, partially dried and recompacted prior to placing
of subbase or more fill, surface drainage should be provided
in both cut and fill sections
CL
CL-ML
LOAM TILL
Parent Material 3
Engineering Characteristics
Ymax OMC % < % < % < % < % Clay Classification
pcf % No. 4 No. 10 No. 40 No. 200 (< 2t) AASHO Unified
25-44 7-24 102-119 12-21
Index No. of
Horizon Samples
Property Tested
LL
PI
7
max
OMC
< No.
< No.
< No.
< No.
95-100 92-100 81-100
Summary of Statistical Data
Standard Coefficient
Mean Deviation of VariationDeviation of Variation
34.5
15.9
110.8
16.3
98.3
96.7
91 .7
77.3
31 .7
6.8
5.9
5.7
3.0
2.3
3.6
7.2
17.2
10.6
A-6
52-100 16-47 A-4
A-7-6
CL
CL-ML
No. of
Standard Limit of No. ofSamplesError Accuracy Required
19.8
37.3
5.1
18.2
2.4
3.8
7.8
22.2
33.2
Design and Construction Information
Alignment:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Special recommendations
moderate cuts and fills, some peat deposits may occur
variable depending on local relief
medium to high susceptibility, F3 ; very high if
exposed, F4
silt pockets are
a serious problem where silt or sand pockets are exposed
usually not difficult except in depressional areas, when wet the
surface is slippery and often very soft
stable at 1.5 to 1, silt pockets slough rapidly where seepage occurs
not difficult at moisture contents near optimum, heavy tamping
rollers recommended
often serious on both cut and fill slopes unless protected;
special surface drainage installations may be required
generally good unless very silty; some drying may be required to
reduce moisture content to optimum
exercise care in breaking up embankment material before it dries
to hard lumps; surfaces of uncompleted fills absorb rain readily
and should be scarified, partially dried, and recompacted before
additional fill is placed; in cuts good surface drainage should
be provided since excess water in the C horizon material causes
instability under heavy construction traffic.
< 21,
SILTY CLAY LOAM TILL
Parent Material 4
Engineering Characteristics
PI 7max OMC % < % < % < % < % Clay Classification
% pcf % No. 4 No. 10 No. 40 No. 200 (< 2p) AASHO Unified
31-47 13-27 102-113 15-21 97-100 95-100 84-100 66-100 26-53 A-6
A-7-6
de No. of
Horizon Son de x  amples
Horizon Property Tested
LL
PI
7
max
OMC
No. 4
No. 10
No. 40
No. 200
2,
Summary of Statistical Data
Mean Standard Coefficient
Deviation of Variation
39.0
20.1
107.7
17.8
98.9
97.9
93.5
82.7
39.4
5.6
4.9
3.8
2.2
1.3
2.1
6,8
11 .9
9.1
Standard Limit of Noamp oes
Error Accuracy Required
14.3
24.2
3.6
12.5
1.3
2.1
7.3
14.4
23.0
Design and Construction Information
Alignment:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Special recommendations:
moderate cuts and fills, peat deposits uncommon
variable depending on local relief
medium to high susceptibility, F ; very high if
are exposed, F
silt pockets
not common, temporary where cuts intersect silt pockets
usually not difficult above water table, below water table the
material may not break up readily; surface slippery when wet,
bakes hard on drying
stable at 1.5 to 1; exposed silt pockets may slough where
seepage occurs
not difficult if layers are of proper thickness and moisture
content is near optimum; heavy tamping rollers recommended
not a serious problem except for silt pockets which erode
rapidly
generally good, some drying may be required to reduce moisture
content to optimum
no
exercise care in breaking up embankment material before it
dries to hard lumps, or is compacted in layers which exceed
normal thickness; surface drainage should be provided in
both cut and fill sections to prevent softening under heavy
construction traffic; areas may be difficult to work during
rainy season
SILTY CLAY DR!FT
Parent Material 5
Engineering Characteristics
7
max OMC % < % < % < % < % Clay Classification
pcf % No. 4 No. 10 No. 40 No. 200 (< 24) AASHO Unified
27-65 14-40 96-114 14-24 98-100 96-100 90-100
Summary of Statistical Data
64-i00 27-73 A-7-6
SIndex No. ofHo r izon Property SamplesHorizon Property Tested
LL
PI
7max
OMC
% < No. 4
% < No. 10
% < No. 40
% < No. 200
% < 21
Standard Coefficient
Mean Deviation of Variation
Deviation of Variation
46.3
26.7
105.0
18.9
99.3
98.8
96.4
88.2
49.8
13.0
9.0
6.0
3.5
1.2
2.0
4.6
17.1
15.7
Standard Limit of No. of
Error Accuracy SamplesRequired
28.2
33.8
5.7
18.5
1.2
2.0
4.8
19.3
31 .5
Design and Construction Information
Alignment:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Special recommendations:
moderate cuts and fills; peat deposits rare
variable depending on local relief, drainage fair to poor
medium to high susceptibility, F3
not common, temporary where cuts intersect occasional silt
pockets
usually not difficult to depths of 4 to 6 ft, below water table
the moisture content may be 5% or more above optimum and material
breaks out in large chunks; surface very slippery when wet;
bakes to a hard dry crust with cracks
stable at 1.5 to 1; exposed silt pockets or strata will slough
where seepage occurs
not difficult if layers are of proper thickness and moisture
content is near optimum; heavy tamping rollers recommended;
pneumatic rollers may impart planes of weakness
generally not a problem; difficult to stabilize topsoil on slopes
poor to good depending on drainage; manipulation nearly always
necessary to reduce moisture content
no
exercise care in breaking up embankment material before it dries
to hard lumps or is compacted in layers which exceed normal
thickness; surface drainage should be provided in both cut and
fill sections to prevent softening under heavy construction
traffic; areas may be very difficult to work during rainy
season; high volume changes with changes in water content may
ne expected
LL P I
% %
CLAY DRIFT
Parent Material 6
Engineering Characteristics
7max OMC
pcf %
% < % < % < % < % Clay Classification
No. 4 No. 10 No. 40 No. 200 (< 2p) AASHO Unified
36-63 20-38 97-109 16-23 99-100 98-100 95-100 82-100 37-67 A-7-6
Index No. of
Horizon P Samples
Horizon Property Tested
LL
PI
7
max
OMC
No. 4
No. 10
No. 40
No. 200
2p1
Summary of Statistical Data
Standard Coefficient
Deviation of Variation
49.9
29.0
103.0
19.3
99.7
99.2
97.3
91.7
52.0
9.4
6.6
4.1
2.5
.3
.8
1.8
6.8
10,6
Standard Limit of No. of
Error Accuracy f SamplesError Accuracy Required
18.8
22.6
3.9
13.2
.4
.8
1.8
7.5
20.4
Design and Construction Information
Alignment:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Special recommendations:
moderate cuts and fills; peat deposits rare
variable depending on local relief, drainage poor to very poor
medium susceptibility, F3
not common
not too difficult above water table during dry season; below
water table moisture content may be 5 to 10% above optimum and
material breaks out in large chunks; surface very slippery
when wet, bakes to a hard dry crust with cracks
stable at 1.5 to 1
not difficult if layers are of proper thickness and moisture
content is near optimum; heavy tamping rollers recommended,
pneumatic rollers may impart planes of weakness
generally not a problem; very difficult to stabilize topsoil
on slopes
fair to poor; manipulation nearly always necessary to reduce
moisture content
no
exercise care in breaking up embankment material as it is spread in
order to prevent formation of hard unbreakable lumps or the com-
paction of layers which exceed normal thickness; surface drainage
should be provided in both cut and fill sections-to prevent
softening under heavy construction traffic; may be impossible to
work these areas during rainy season; high volume changes with
changes in water content should be expected
LL PI
% %
SANDY SEDIMENTS
Parent Material 7
Engineering Characteristics
7max OMC % < % < % < % < % Clay Classification
pcf % No. 4 No. 10 No. 40 No. 200 (< 2p) AASHO Unified
15-45 NP-12 106-123 11-16
Index No. ofH o r izo n  SamplesHorizon Property Tested
LL
PI
7
max
OMC
No. 4
No. 10
No. 40
No. 200
2p
99-100 97-100 80-100
Summary of Statistical Data
Mean Standard Coefficient
Deviation of Variation
30.0
2.7
114.5
13.4
99.8
99.1
94.4
30.0
15.5
10.5
6.4
5.5
1.8
0.6
1.4
10.2
16.2
5.2
34.9
234.4
4.8
13.4
0.6
1.4
10.8
54.1
33.5
A-2-4
6-53 8-23 A-3
A-4
SM SC
SM- SP
SM-SC
ML-CL
Standard Limit of No. ofSamples
Error Accuracy Required
* Required
26.1
4.0
3.5
1.1
0.4
0.9
6.5
10.3
3.3
Alignment:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Special recommendations:
Design and Construction Information
shallow to moderate cuts and fills
variable depending upon local relief; generally fair to good
drainage
low to high susceptibility, F2 or F3
to be expected in cuts below water table or if strata of silt,
clay or till are exposed
earily made above water table, below, dragline operation may be
required; if till is encountered it may not break up readily
and may be slippery when wet
stable at 1.5 to 1 above water table, below, sheeting may be
required
close control of moisture required for sandy sediments; grid
or pneumatic rollers usually preferable; till may require drying
and use of tamping roller
by wind and water unless slopes are protected
fair to good depending on position of water table
sand or silty sand
after rains and close to water table, surface may be extremely
unstable under heavy construction traffic; if cuts below water
table are made with common scrapers, surface drainage ditches
must be carefully maintained; characteristics of underlying till
are similar to Parent Material 4 in this county
MEDIUM TEXTURED GLACIAL OUTWASH
Parent Material 8
Engineering Characteristics
LL PI 7max OMC % < % < % < % < % Clay Classification
% % pcf % No. 4 No. 10 No. 40 No. 200 (< 21L) AASHO Unified
23-45 1-25 102-123 11-18 79-100 71-100 53-100 17
Remarks: Substrata are stratified silts, sands and gravels
-88 9-36
A-6 CL or SC
A-4 SM-SC
A-2-4 SM-SP
A-2-6 SM
A-7-6 SP-SC
CL-ML
Index No. ofIndeHorizon x SamplesHorizon Property Testeds
Tested
LL
PI
7 max
OMC
No. 4
No. 10
No. 40
No. 200
2g
Summary of Statistical Data
Standard Coefficient
Mean Deviation of Variation
Deviation of Variation
33.7
13.3
112.6
14.6
94.6
91.4
82.3
52.4
22.5
7.6
8.2
7.0
2.6
10.5
14.4
20.6
24.6
9.5
Standard Limit of No. of
Error Accuracy f SamplesError Accuracy Required
22.6
61.5
6.2
17.5
11.1
15.7
25.0
46.9
42.2
Design and Construction Information
Alignment:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Special recommendations:
shallow to moderate cuts and fills, peat deposits may occur
variable depending on local relief
low to high susceptibility, F2 or F , sometimes very high, F4
to be expected in cuts below water table
usually not difficult unless cuts are made below water table,
then dragline operations will probably be required
usually stable at 1.5 to I or steeper; silt pockets or strata
may slough where seepage occurs
not difficult at moisture contents near optimum; grid, tamping
or pneumatic rollers usually acceptable
may be serious on both cut and fill slopes
generally good
fair to excellent, silty sand to sandy gravel of varying
quality at depths below 4 to 6 ft
at high water contents may be very unstable under heavy
construction traffic; material may absorb water readily and
after heavy rains should be scarified, partially dried and
recompacted prior to placing subbase or more fill; drainage
should be provided to prevent water standing on surface of
cuts or fills; thorough exploration required to determine
variability of the deposits
RECENT ALLUVIUM
(Bottomland Soils)
Parent Material 9
Engineering Characteristics
7max OMC % <
pcf V No. 4
% < % < % < % Clay Classification
No. 10 No. 40 No. 200 (< 2g) AASHO Unified
18-36
or NP
NP-21 110-121 11-16
Index No. of
Horizon Poe x  Samples
Property Tested
LL
PI
7
max
OMC
No.
No.
No.
No.
83-100 74-100 52-98 6-78
Summary of Statistical Data
Mean Standard Coefficient
Deviation of Variation
27.4
9.3
116.0
13.7
93.5
89.0
74.6
41.9
16.3
6.1
7.8
3.7
1.8
7.0
10.7
15.8
24.9
10.8
22.4
84.7
3.2
13.0
7.5
12.0
21.2
59.5
66.1
A-2-4
1-32 A-4
A-6
SC
SM
SM-SC
CL
Standard Limit of Nomplof
Error Accuracy Required
3.1
3.5
1.9
0.9
3.1
4.8
7.1
11 .1
4.8
9.8
9.7
6.0
2.8
8.7
13.2
19.6
3.0.9
13.4
Design and Construction Information
Alignment:
Water table:
Frost action:
Seepage:
Excavation:
Cut slopes:
Compaction:
Erosion:
Source of borrow:
Source of granular material:
Special recommendations
moderate to deep fills and/or structures
generally shallow, very poor drainage
low to high susceptibility, F2 or F3
to be expected in cuts below water table
seldom made; not difficult above water table; dragline required
below
sheeting usually required due to high water table
usually not difficult at moisture contents near optimum;
tamping, grid or pneumatic rollers acceptable
usually serious in cuts
generally good; excavation below water table usually required
silty sand common; sandy gravel may be found at depths below
5 to 6 ft
cuts normally unstable under heavy construction traffic;
dragline operation usually required; if moderately high fills
are to be built the strength of the substrata should be
investigated in order to avoid base failures; area subject
to flooding, embankment slopes may require special protection
2pti


